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PREFATOmr 
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at, or^iT^t^mn^kicyi^itj!, son^s of the National#Factories during the 
war. preparation oj the neressarj^ abstracts* of nifonnation was 
begun by fhe* Ministry of Munitions at tho close of ^d*e,war, 
arAngements were afterwards made, by the Department of Sficntilic* 
and^Industrial Re-jearch to complete tlipm. Thc‘^)ep;u:i*ncnt wish it to 
bf cJeSrly understogc^that the interesting infoj^ation contained in.lhis 
^eges of reports is the result^)! the labours of^hc^ Ministry of Miini^icin^/ 
an(!his being compjjed by*^r. W. Macnab, C.B.lii., F.l.C.^ap of^ebr of 
that Ministry now at tached to the f)eiTB.ifmcnt.^ The Jirst three, reporft 

tllt^ seribs, “ Recovery of Sulphuric and Nitric. Acidn fntin iTcids^used 

* • • • . * i 

in the Manufacture of E«pIosiv’es^»^ Denitration t^an^i* Absorption,”. 
“ Manufacture of Trinitrotoluene (TNT),” and “ Sulpiiuric Acid Cmm- 
centration,” have already been' published Ifor t^e Debartmeni, by 
His Majesty’s Stationery Office. * 
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• iMj^DcrcnoiT^ 

In any factorj^ engaged jn Ae manufacture or nitraiea products, 
the Acidfe iitictiori, whiqhjs rejponsibfe for nie*preparatt®n of the»mixecl 
used in tlifi nitratiorf pipcesses, should,by (ifgapised ij[s ftw as 
possible %n rational aiulf|tcUidarts%d*linesA#l'l#e need a ca*efullv 
, regulated a(|idj c^cle eniphasised in the cAe ob 4 )perations ip whic^ . 
it is nec^sa«v to c^rr3^1ar^e aLocks oT facid in process. Instai>ces of 
this kind a/e aflibrdhdip explosives maoufaclpre, vvflifcre the quantity c^* 
acid ifcqd gseatjy cxifleds tire bulkier fhe nit^t^ j^roduct produced? 
Thu^, in tite.produc^’ion of nitroaKl|ulostvomy.a comj«atoti\4ely snjpll 
propyrtWn «f the nitric acid contant of the fresh mi_%ed ac;d is removed 
durlfc^the nitnqtion stage, and, a^ wall be ^en latfer, the manipulation 
of^he aci&»i^ulting ^rom this alage furnishes ^an, texyyllent exjj<nple of 
*acid teJ^ice on a large scrye. Somcwhalr similar instances arise in th& 
production of nitroglycerine and of 'I'NT, aitd it is the purpose of.this 
publication to indicate the methods adopted in,drawing up,rt)fe aecessai^ 
aci(f balances for these manufactures. ' * 


Having arrived at ti satisfi«:t()ry scheme with-regard to the theo¬ 
retical %ids of tlie acid*cycle, it is essential ^hat th^iuwyti^ies stipulated 
in the £ff:id balance should be realised as far as ij(.)ssible in practice. For 
the rformal working*oTany pcid faetory there ii^aa oiitimum pdSili<*i^in 


impossibk however, since the quantity ant^variety of acid in stock can 
successfirUy conceal any teiidcncy foward oven or*und§i- production 
lyitil •these* have becume proncainced ; in other* wo^<ls,»the* coiiftol 
would pass from the acids manager to tlte skiftige tanks. .Moreover, a 
plant ^vill be more,economical ly opexjB’ted if.tjie oiiy^ut^is steady and 
not fluctflating from day to day or* from week to. jycek, for it 
obviously unsound, both from considerations yf the aidant ,aiid of the 
oyeratives, for the w'orking to be of a spasmod'*;or inteipiitteftt nature. 
An account is given in Section 1‘ of the methods w^kh have beSa 
devised in Government explosive^ factories in order to rfepresent? 
graphically the figures obtained from the daily stock sheets and other* 
plant returns, so that the closeness w'ith which**the*acids* balance is 
dieing followed maybe deteripined at a glance, aiiiPany deviations from 
schedule may be (flecked before they Jiave* assumed troublesome 
proportions. 

Since tl*e plant and process for acid mixiftg may be said to *fornt» 
the«nain*controlling factor in the acid cycle as a whole, a detailed 
description of these is given, reference being made at the same lime to 
the calculations involved in mixin^acids of varying strengths tc?*obtain 
«ulpllt)-nitric qcids of constant compositian. Tlqs description takes the 
form of ay aw.ount of the TNT acid mixing plant at y.M. factonr. 
Queen’s Ferry,*wluc.h completes the account of the 'I NT process at fliat 
lactory, the.,nitr;^tiori’section having already been described.^ , 

Fhe following ylbbreviiitions are used throughoui, \»jz..^TNT fc^, 
trinitrotoluene, MNT for •momirtiitMoluene, NG .for®nitroglyc^ine, 
GC for gfcncottqn, and NC for'niti owe!lulose. * * * • 


‘ Manufactu 


tton, ana rst 
a'NT 


nH ife intrtrmr'fl 1 nrvrrvHii/'fc ’ 



t/eoRV and PRACT^E 0^ *ACID MIXING. 


OIMtX'UUI 


'ACm CYCLB8. AOP-’^AIAKCBS, AND COHTOOfOF ^1^ OUl^. 

itri.s ^rc.feed.rfo dSspribe in 
Aetail the method^ usecLi^*drav<ing lip acid b^’ances, to Coptrpl the 
cycle of Hcid5p«o^cftvn\and recovery in tliem^iufacture of trinitro¬ 
toluene, nitioalvTcrme. anti 



, - -- - lu proceaiire essEiiiial. ihis 

' is ."iqt the case, however, as regards Ifie plants necessary for rfToducing 
rad recoveung the aQids used, and the tivJT acid' mixing plant 

. ''lescnbed in Section 3 maj' be taken as a standard type for the three 
]iroces!>es. ' * ^ 

I 

TNt ACID CYCLE. 

o Plants.~ln ahf‘ self-contained favtoiv manufacturing TNT, 
tlie lollowiijg acid uivts' are required , ‘ . ■ 

(1) IMant for producing oleum. 

(2) Plant for ooncentratUig suipliuric acid. 

', (3) Plaqt for depitrating the sjient acids resulting from the nitra¬ 
tion stages. , _ ’ * 

(4) Plailt,for.absorbing and returning to process in the form of 
\vealc nitric aoul tlle'degradation products of nitric acid 
rcsiritipg from (3). 

'(5) llh'int for the production of strong nitric acid. 

■ (6) Plant for wasamg nitre bags to recover the residual nit-e 
, > tlieieirom. 

(7) iy:id mixing plant. 

(h) Stqrage j apai'ity for sulphuric, nitric, fresli mixed, and spent 
acids, &a ' 

It is not the; intention hgre to refer in “detail to these plants, other 
than,that for ;uud mixing, but a brief summary of‘'ihe function of each 
us apjilied to TNf manufactun' will now be given. 

i 

Mixtd Acids. 

['wo mixed acids are produced at the acid-mixing jilant, vi/...:— 

(a) T,N’r mixed acid of composition ;— 

P^r cent. ' 


H,SO,. 

HNO,- 


'prp 




'- 79’5 , 
h- 17-8 

- 2-7 







ACW CYCLEf /^D.^CID. BALANCES, 

, a 4 *d (&) MNT mSised acicf of coAaosition.*— , 

fet cent. 

HjSO. 65 !*o 

HNO * 21 * of 

HP . 17 *^ 


, lOO-O 

LjI_ 

Ror^e£wson| wh^h need not be dlstuss6(|y^ere,^ was dciibided ndl 
to at Qjj^n’s Fer^ the* nitratiwi^ schqjjief iu whicli'tlfe waste -^cid 
froni,tk(itrkiitratiort stage,is revdyified with nitric pcid ar^d utilised for 
the MKjnonitfation stage. Both TNT u*nd*MNT rtitration^icids, there¬ 
fore, are hv^ed entirely from frt^h acids, i.e., a^l spent j^cid is deaitrated, 
•anil no jjortion of it is revivified or (Otherwise *«Tdised in "the prd.- 
paratiorrof furUier quantifies of mixed ai:id.* 


Spent Acids. 

^The spent acids produced ale as follows 
• * ^a) “'rNT spent acid of composition*— 

H,SO, - “ *. . . 

HNO,- 

H,0 “ - - - . 


Per cent. 
- 71‘2 
r <r3 
- 25-5 


. 100-(if 

• _V—* 

The difference in dilution‘between tke*mixed and, spenr acius ' 
represents water formed durtng nitr/dion, t(jgethcr %it’fl water added 
during tlib nitration stages to securo separation of nitrotoluene* 
in solution. The spent acid usually contaips ai)p/oxim;it«ly i per 
cent, of nitro-compounds(consisting cliicily of ratjno-and.dinitfoUJfuene) 
when received at the denitration plant. The pfopoxlioitof water addftd 
during the nitration stages is calculated to give a content of yi f»er c«nC, 
of HjSO, in the spent acid, so as to brin*g the latter as near as (jossible to* 
the 70 per cent, strength necessary for denitralioir.* 

(6) MNT spent acid of composition :— , 

H,SO, *. 

•HNO,.* 

H ,0 . 


Per*cent 

- 72 -.3 

- h -5 

- 27-2 


• 100*0 

• , * « . . ' 

The'nibro body is present in this acid to the extent of aj^out 0*5 per^ 

cent. , The mci^as<iin dilution fro«n mixed acid to sjjent acid is duS in* 
this case wl^plly to th% formation of water during nitration, no wati'r 
being«added directly./ The composition of the mixed aoid.is calculated . 
to giye an IT3SO4 content ofy2*5>->r-fc j!.nt. in the spent add.* this figure 

• The tiNOa firure shown in tlie diagilim, Fig. r, irickuV^s the HNOj^on’ent, 
and i.s <J'2 per cent, ligher tliarms given afiove. • 
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is, higher than th? 71 pfcl cent, for TMT spent' acid, 72*5 per cept. . 
sulphivic arid.i}! regarded <is tlie^mihimuci safe strefiglh f^ storing in 
the sleeKtanks^t ,the MNT plant, and f< 5 if dellVeriug ,tiirough wrought-*, 
i^on p^pfe-lit¥s&,to theft^id^ectio®. « * *- ' * ' 

nf^nitration fitd Ab&or^tioif Flahts. 

3*fs made at. the ^enitA,tion«)lS 


1^0 difference* fs mad^ at. the'(JenitA,tiontdffSiit"a.s regards the 
treatrhent of J,he fefvOyVj^ties of spent acid. i^i.raix^jrerof''the two 
ai;idsis charg6<f’to the dcrntwitingpoiiimn, and, so^lar as the ,demtrator^ 
concentrator^, retof^,s, and oleum jilant are concerned, the joeifs are 
treated as though a single a'cids cycl^-'were in operation. \ 

Thfc differenoivijrdilution of the sjxmt acid aifU K;sulti]^,.dhnitrated 
acid represents the stearti ribsirbed during the denitration stag^ and the' 
"^§lem recently introduceil of jTCheating tlia, acid before dehitration 
lUis aimed reducing ftiis increase to the lowest ])ossible limits. 

The nitrous gases liberated during nitration, after passing thrcugh 
a series of absorjjtioK towers, are hnall) recovered in the form of weak 
nitric, acid (50. do 51 per qent. HNO,) which is utilised for ' 


])ur|>oscs. 
' t 


Concentration Plant. 


'iniKing 


The customary method of procedure in the.Ouecn’s Fcrry''acids 
cycle utilises the. .oleum plhnt, a%\vcll as the ordinary conceii Ira tons, 
foDj concentfciting the wc.'ik sulphuric ac;id. The sulphur trioxide 
])roduccd at tfie Grillp oleum i)lart is absorlxal directly in the 
concentrated .acid from the (laillard ..concentration pl.-int."' The 
.Gaillard to'wers'^have, 'therefote, to remove the xvater er^terkig the 
cycle at ^the WiN,T and'TNT nitration plants and at the den it ra tors, 
less‘ihe aihount'of water in the sulphuric, acid charged as feed acid 
p/ the nitric'acid retorts, and the amount lost in ;icid spilled.or 
'otherwise consAmeci or lost in the cycle. 


Cletm Plant. 

This plant js worked to produce two varieties of acid, viz., 

(a) 20 per cent, oleum, 
and (6) 98-6 per cent, sulphuric acid. 

All th? concentrated acid produced at the concentrators is delivered t- 
the oleum plant, with the exception of a small amount used in the 
preparation of MNT mixed acid,‘and a larger (juantity used, together 
with Grillo 98*6 per,cent, sulphuric acid, for the mixing of feed acifl 
/or the nitric acid retorts. 

' In general, two Grillo units prcduce oleum, wjiilst the remaining 
tour are operated to yield 98'6 per cent, sulphurk acid. This procedure 
provides,a, ifiUP][)lus of oleum, which is easily r[(mrkM oft at the acid 
mi^^ing plant’whenever it shoi««s*2iiy tcirdency to accumulate., The 

* Weak sulplmbc acid ex Grillo plant being,concentratfd at the NC Acids 
Seepon, it follows that only SO* enters the,TNT acids cycle bc{>n the Grillo'plant. 


ANP^.^CID •BALANCES. 5 

I w * 

suiphur trioxide \itering ttiecycit at tlifi^rill(®4)Iant balances the total 
losses of;Sq^ in thU cycle, incjluding tbe SQg cpntett of the retort fefd 
^cid. ' - - • 


. i^^Hricf^cicfPlanlit 

1 \ small ^xmg pianf adjacent t<j ^the'nitrW.acid retort houses 
supplies^a^uifST^g-m ^ odr cept. feed acid, the HjSO* usage at thelptorts. 
being apnroximatftly % • 

‘ ■* H2SO4. 

*NAjo:T«-9: 


Nb,“ cut • is made in the nitrie acid*pr<K]uced,*/.c., the'^hole of the 
acid rccofep^d, incUicflng both ^veak and strong a< i(ii is run iuto lead 
• receivers, yielding an acid of 87 per cent. av 4 rage%frength. The onlj' 
weak nitl'ic acicj collectejj ieparately comes fff:aii the. absorptioji toyaj's.* 


Mijjing Plant. 

J howhole ot the weak nitric acid j)rodijce(l by ^le lubscjrption towers 
• at JhcjJcmTtration and nitric acidi)lants is utilised for MNT mixed acid, 
the balance of nitric* asi^ for this«;-icid being ^mde up of strong a?id 
frpi^ the retorts. Sulphuric*a^id of approximately-95 j)er cent, strength* 
> is required in order to yield*» mixture of the desyexl crftnj)0!#tion. 'this, 
is secured by making two staiidaixl mixes, one with Gri]lo*98'6 per 
eent. sulplmric acid, which allords a»reatiy*and [apid means of mixing' 
off tliQ^weali nitric acid as it is produced, and the, other wjtlf^oncentr^ed 
a?id from thi; (iaillard towers, which iiUroctuacs the .strong nitric acid 
from the retorts necessary t<» majre up tlie rciiuiied •(luaiuitv of MN'F 
mixed*acid. * •**.**, 

TNT mixed acid is always mixed from oleum, ^8"6 jier ceni. 
sulphuric acid, and strong nitric acid. No w;gak nitric abid iiTtrs a 
rilte, introduced into the mixed acid. 

Contrast betwera Flow Sheet and Acids, Balance. — I'lie usual [irelimintiry, 
to the understanding or control of an acids cycle is the calculation of 
what has been called the “Acids Balance.’’ it *i^ndl-ffssa!*y to distin- 
^;uish this clearly from the flow sheets,® examinee of whic.h are*given 
on pages 6 a and 6 b, \|'hich are issued montJily by the Statistical Section. 

. file acids balance is in itself, of course, a How sheet, but there are 
several e^ssewtial differences between the fwo which need to b^’ 
recijgnised:— • , 

(a) The flow sheet merely suijimarises the records of thqyaclual 
working of the various plaiits^over ft (particular jieriod, and 
it by rro means follows thal they •will be ojierated in 
<icc1jratc “ balance ” during any jieriod of worky-ig.- 
Accorditigt to the relafive efliciences of the various plants, 

rile skreks^of acids and the t»tal tonnages of SO, and HNO, 

____ 0 _ _ 0 _ ^ * •> 

^ A detailed description of ♦he toi.Tn'ica'i records an<l other plant relurnsvfroni 
which thes# flow sheets are drawn ♦ip is piven in the “ Ffciiort on the Stalisfical 
\\ ork (jf the Factorks Branch,hiished by H.lkl. Slationery T)nice. 
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in circulatiQO wil^. fluctuj,t^ ff-om* monti^' to month, Jhe 
acids batanc^ attempts to fojpcast conditions of working, 
which will keep the acids in .the cycle .in accurate balance 
Mi afthe same time maintain a fixed, pf^determined totai 
01 SOj,and?ill^j in c'rculhtion.Vf . , . 

(6) .The efficiei\jSifcs of plants vary from«’moifith tp plinth, particu¬ 
larly wl^en thej^arf. hardjircsscd toipr€iduce thsir,maximum 
output*.- These.varia^ionsn^ffeci diffefenteplfcits for'different 
nipnth*, sp S^iat tfic forkings of sWcesafive •-> m^jnttis are 
;A(fcm conljiafakle. No single' mon,th can he rfegardted as 
i^presenting average working conditiorfs. r-^ . 

(c) In "addition to these more or less acridentf /1 variations, 
imprc^rcments in inodes of 'Working rake p]acQ,.edntinuaIly, 
which ifeuder'^ie i'ecords of past, working unsuitable, unless: 
modified, as a programme for futur e workin-g. 

Only in the case of a process whi(-h has become standardised and 
stereotyped in its methods of working would^for e.\aniple, I2 months 
average woricing, a^ represented by a yearly flow sliect, cons,litute a 
satisfactory basis for future Control. In the case of a process yvhich is 
developing, the main 'yalue of the six or tw-r^'v^ months flow sheet 
is to indicate the progress which has beCn made since the period in 
. question. ' 

The Acids Balence. —In orejer to be satisfactory, an acjds balance 
slymld show r.— 

(fl) The flow sheet quantities for average working eilicienckes, 
indicating clearly what these efficiencies are. The quantities 
giveii^tnust, of' courge, be. such as will preserve an accurate 
baihnee of acids in the cycle. 

Kh) The variations’to he made in the •‘average" quantities on 
acc'ount of all possible variations in plant elhciimdes and 
othkr abnormalities in the working of the cycle. 

The considerations outlined above will serve to indicate the 

difficulty iii making but what may be called the average acids balance. 

Short-period flows'sheets are unsatisfactory, on account of the errors 

introduced by such factors as faulty measurement, i.e., errors which 

more or less level up when figures are taken over a longer period. 

The average acids balalice given in Fig. i was derived mainly from 

the ha'f-yearly flow sheets for the periods July—IDecember, 1^17, pages 

6a and 6b. During this i)eriod efficieiudes and methods of working 

were fairly steady, and the figu'res given can be regarded as fair 

averages of normal working.' 

( 

Checks to the workmg of the Acids Cycle. —In order to be quite certain 
of the satisfactory working of the cycle, it is advisable, in addition to 
constructing, the acids balance, to devisp suitalale aVid easily applied 
methods of checking the results aI ijs, application. The points referred 
to in fliis and the pleceding paragrapllvvill now be taken in order. 
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Calc\AlT10N of the'average Bakance. 

• * * • • - 

This will be givSn in somfl detail, in order to make ^uite clear the 

Aethod employed. 

)fitAtion two jnain.^pts of figures taken fto^n th(? 

flow sheets are*^os^fi>j| fnix^ jft-ids supplied to the, MNT and TNT • 
nitration'plants anfl Ibi'^tlic’spent jfcids iVcei\«ctt from them, 1 figures^ 


*—^ - 

•Add. 

• 

^ m .. 

• 

• 

, 

liJStv 

• 

•• 

• 

• 



Tons. 

Pcrceijf. 

1 oijs. 

TNT mixed acid 

485-6 

79 '5 


TNT spent acid . - . . 

5 i (’'3 

71-2 , 

367-6 

Consumption at trinilration jaage - 

■ — 

— 

iS '5 

9 

,MNT*nti3rcd s*cid - - * - 

162 "o 

•6?'o 

ioo'4 

MNT s^sHt add ' ; ' ' 

132-7 

• 

72 '3 

• 95‘9 

% 

Ccijs^^iption at mononitration sta’ge, 

• • 



# • 

. • _ 


Percent. 'J'ons. 
i8'o ^7*4 
4^3 < 32 -9 


'flic ijevenlage ot UNO, in fhe^’inivecf acids iih the above tables 
includes O'2 ])er cent, of UNO., calculated as HNOj.« • • 

• Tbft nitrous acid in thes])ent acids is also expressed*as HNO,, On 
llie basis of these figures, the jcids balance will next bp catculated for 
the varuHisplants iiporder. ****."*, 

Denittation Plant.—The data for this plant rtjijuire W be wofked out 
first of all, in order tf) ascertain the tonnage of flNO, rotoverecl.'" "The 
output from the retorts is directly dependent upon tka^^fure, inasmuch^ 
as they have to su))])ly the difference ffietween the total HNO, conteftt 
of the mixed acid and that recovered from the ^lenitrators. 


^a) Received by DenitmLors. 



IlsSo/ 

imcv 

• 


' Tons. ^ 

« 

Tons.* 

TNT spcjit ac?^ ...... 

,3f'7'6 

22 C) 

MNT sprtit acid • . 

95'') • 

09 

Total t 

. ■ 1 

4t-3'5 

23-8 


• • # 

No part of these artds is revivified, the whole being dviiFtrated am 
•concerftrate^. 
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. Recovery'of HNOy 

The flqw sheet gives an average jacovery of. 8o’63 pci ccm., au < 
eveh 89 per^:^nt.' will 'be y.ssuined ^fos pupjjoses of 'calculation on thjS 
'assuiAption-- . • 

Amount of reco\^,jed = iq'O tlins.* 

Amount of. WNO3 Idst — 4‘8ttofis., ' * . 

Average strength A^nitstc acid recovered^ =j Jr per cent! HNO 3 . 

, .. Amoud'Pof nitiic ar-.ic^obtajifed from, the deni 1 .rators'= tons. 


(c) Recmcyy of I-LSCX. 

Tlu! How sliec!t giv^e-'.^o'Jd per cent. loss. 'I'aking o'o per ceni-.’lost: 
ad evcii^ligiire, then— 

Lo?is oi\ 40;}‘5 tons'HjSO^ 2'8 tons. 

Amount H^SC), recovoied - 4hq'7 „ ^ 

With the system of pro-heating .spent acid before charging it to the 
denitration cofumns, the deni'trated acid is produced at custr*en£!tji of 
6*8 per cent. 11.,S(V * , 

y\n^unt of denitrated acid = ~ ^^77'5 tons. 

Nitric Acid P^t.—I'I k^HNOj reciuirements fol’ 100 tons of TNT are 
aji follows * * ’ ’ 

* ^ h'or'TNT mixed acid - - ' - - - - 87 ' 4 Ums. 

For'MNT mixed a'cid ‘ - * - - - - 34‘3 » 

!»» • f 1 • ' , - 

./•Total'- . ■ ■ - 12 i'7 

^ Less qu.antity.recovered at denitrators - - ip'o „ 


DifferewHi - - _. 102'7 „ 

This quantity inusi; be supplied by the retorts, and at an average 
strength of'87'o «p'dr cent., lequires ii8*o tons of nitric acid. Tlie 
avefage elliciency of tjie retorts over the six months was 94'^ pei cenf.; 
a fair standarcl figure for the present purpose is 95 per cent. 


Amount of HNO, (as NaNO^) to be charged =- 
. 102-7 ^ 

o’95 

« • 

Amount of NitNO, to be ch.'irged' - ~ 

Amount of dry sodium nitrate (98 per cent. 
NaNO.,)- - - 


108-1 tom 


i45'^ ” 

♦ • 


'Die ^alc’ulation of the tonnage of‘feed add fof the retortstrequiics' 
a/urther deviation from the flow sheet. , 

The ratio tUe half year waij O' 993 . 
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This was shortly afterw^rck.tedSceS to o'97/1 whiclf will certainly be 
sustained. An OTempt is being lhade to*redilC«? it stijl further to 
but it regiains to ofe seen whather such a figure is ^easij5]e when*a higli 
output is deruandad.* • * 

' On the basis of a o’97»fatio?llwirefore- 


.rtKiiyred for f«ed acid 

_ * *• dfc. _• A 


145-8 ^ 
«‘«7 


14*^^ tons. 


Eqflivafejat' vroicbt o£ 9^ ^er cent. * • • 

\ #uiphu^ic*a(^d^ - - - *• -J 52 -o 4 ons. 

^ Assdming^as will be cal€ulated«1^ter, t^iaW the Gailla^coijcentrHj.ed 
acid fto^^ainj 90*4 p«i*cenL HSO*, the retort feed acid will consist of 
48 -2 foils of «8'6 per cent.*sulplniVic ac^d find 105 -8 tons,of 90 -4per 
cent. suIphyrR- acid. • , * ^ 

• *' 4 bi]lard Tower Concentration Plant. -Amount "of received from 

denitrators (scc^page 8) ^ *46o'7 tons. The loss is given on tlw^ 410 w’ 
sheet as 2-49 jier cent., but this includes losses,prior to the.&f)oration oT 
the Gfotlrell prec-ipitalion plant for recovery of the sul])huri(- gpid in* 
the exit gases from the fiaillard towers ; 1-5 jicr ii,'ent. is a fair present 
ligUKJ. • • » • 

* I fijSO., lost during concentration =- 6-9^ons. 

• H .SO4 recovere'd , - • - =- 453 • 8 •„ 

• il'he requisite degree of conKentration obviowsly c aimot 1^ cakadated 
until all the other details of flie cycle have been Wtirkeu out. 

wfriTig f lant. 

, , (A) TNTtAItxed Acid. 

* This is mixed from retort nittic acid'and Grillo 98*6 per cent, acid 

and oleum. , • • • , • ^ 

Ainoimt required (.see page 7j —485-6 Urns (38644. tons HjSO^;- 
87-4 tons HNO,). ^ , • 

^Tonnage of nitric acid at 87 per cent. HNO^ecpiired = 100^ton^. 

.-. Tonnage of sulphuric acid required ---(485'««-«r<^i0o-5) =385-A 
tons. * . • , 

Strength of sulplmrii- acid require^!--=. loo*^ per 

cent.HaO,. . . ' ■" 

If X is the amoLiirt of oleum (105 per certt. HSOd, and y the amount 
-of g8-6 per cent, suliiluiric acid required, then—j 

- * • + y =--385’! 

♦ I-05X + 0*986}'— 385-1 X 1*003^ 386*26 

whenyaf X = ^ = 102 * 3 tons, and y / —282*8 tons. 

, 0-064 / 0*064 

In order topbtain485*6lons of mixed acid from theaciijs available 
therefore, it ts necessary to mix— • 

Nitric acid (87 pir cent. HNO,) ... 100*5 tons. 
t)lcum*(lo 5 *per «jnt. H2SO4) - - - 1-02*3 „ 

Sulphuric acid (^8*6 ]jer cent. H2SO4) - - 2®2**8 „ 

fotal - ..... i 485*6 „ 


485*6 
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iviiy 1 ivij^eu, nnd. 

This Utilises alTthe jnitric acid ex denitrators, tWi remainder of the 
HNOj requi^rec! coming from the retorts.* - » ,, 

'Antoimlv iffequired,l'5^c/:pager7)(P= i 62'6 tons containing lOO'A tons 

of HM and 34-3 tons of hH 

fHNO, from denitrators,.=r. 19*0 tons — 37'^’3'tens (f: nitric acid 
* ' containing 51 per 

cent. of^NOj. 

HNOj^/om retorts', — I5J3 tonsi= 17*6 tons of nitric acid 

' (■:oiit{tining 87 jier 

cent, of "liNOj. 

Tota' = .34'3 tons HNO„ or 54*9 tons of nitric 

* - acid. 

*1 ^' 

..■.Tonnage of suliihuric acid required =■• (162 — 54’9) = 107'i 
' Lons. 

Strengtii of sulphuric acid - - —^ = 93'75 per'cent. 

This is mixed frenn Gail lard sulphuric acid and Grillo qS'hlper 
cent, sulphuric acid. The (juantiiies cannot'!je calculated uniil the 
Gaillard concentration has been worked.oul. This figure will be shown 
later to be 90-4 jier cent, (page ii). 

The necessary proportions in which these acids must be utilised are 
calculated in a similar manner tc TNT mixed acid above, and will be 
found to be-as follows- ’ , 

Sulphuric acid (98'6 per cent.) - - - - 43-8 tons. 

Sulphuric acid (90-4 perc ent.) - - - - 63-3 „ 

GrillQ Oleum^lant.— I'liis plant produces sulphur trioxide to make 
gocKl»-Jl SOj lossds in tile cycle. 


Losses in Cycle per 100 tons of TNT. 


d'ons. 

.^t TNT nitration plant . . . . - 18-5 

At niffation plant ----- 4’6 

At denit'-ation plant - - - - . - - 2'8 

At concentration plant - - - - ' - - b’q 

Charged to retorts.141 '4 


Total 


- 174-2 


142'2 tons, and to obtain the 


(b) Covresioonding SO3 required from Grillo Plant. 

. . I74‘2 X 80 . 

This quantity is ' 1 e. 

average balance, it will be assumed that the, wh(,'le of, this SO3' is 
supplied as 08'6 per cent, acid and*^ oleum.,. In practice, bf the 
SO5 charged to the Grillo plant, 92‘5 per cent, is recovered in the 
absorption system and about 2'5 per cent, in the scrubbers. The 
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ir 


■ • 

scrubber a«itt formerJyrf<j <}i^ nitrocellulose cycjp ; a correction 
factor w.as introi^ced later, 1:o show the effect of its introduction into 
tfte TNT acid cyAe. 

« Adds Balaiioe.T«-Il is necesstify to strike a balance jn order to arrive 
at the degree of concentrci|fon vfj^igh <nust*bc Verked lt>«it the Clailj 
lards lowers. Thisris utissi&le, since tlie lonnflge^^ roncentratecl ackl 
’ plus tonnageSO3 aadpd*at the Grillo^dant is*e«[ual to thc’topnage 
of acids^equiri^ fb{*tlje mixjng*pknt and the retorts. 


w. --•-i--rA-- -- 

balance out as follows % - • *,' 

Gaill^d Towers. Tons, .j ^Tov Mixi^., 

• TT \ 'rTT-T' _•_I / 


H,SC4, 

Water 


Grillo plant 


453-8 


Tj^ns. 


’ ^ent. 


(a) . T^T nuxed acid :— 

• Oleum (1(5 per 

H.SO,} . - . 

* ,Sulphuri(i aclif (qS'G per 
cenl.»fl,SO.,) 

(b) MNT mixed 'bcid :— 

Sulphuric acid ((j3'75 ]->er 


102-3 


- - 142-2 

Total - 596-0 +If* 


cent. HjSOj) 

For retorts i— * ., • 

Sulphuric acid (93-0 per 
cent. H^O^ - 


107 • I 





.. Tonnage of tvaler in Gaillard toweas acid (6/^4-2 — 596) = 4t5-2 

tons- * • * • ^ ^ ^ 

'.*Perccnlage of 1 I,S 0 ., in Gaillard towers acid = 

, . 4538+48-2 

= 90*4 per cent., and the amount reqUifed is 1^53‘8 4^8-2 -- 502 tons. 

Adds Balance Diagram.—The accompanying dir^gPamm^tic acids 

balance (Fig. i) has been constructed from tlitf J^eghing figuse*;* The 

working out of this balance presents no difficulty excqit in rcgarr^io 

the acid siqiplied to the Grillo oleuru plant. Thisl^Tffc‘residue of flic 

Gaillard concentrated acid, after sujifdying the amount of acid calcu-' 

lated as necessary for the retort mixing and TN'^jnixjng ])lfints. 

In this average acids balance only the rechvery*'in the grillo 

nbsorption towers (92-5 per cent.) is reckoned* in ^ralculating the 

amount of sulphur lA be burned at the Grillo plant. 

•• SOj reejuired - - - - . - 142-2 tons. 

Coitesponduig weight of suljihur - - - - 56-9 „ 

Weight of sulpluir to be charged (based on a 92-5 p^ cent. 

efficiency, and sulphur containing, 99 ocr cent, of sulphur),^^ 62*1 

tons. ^ 

Varp^Jtions in the working of the A*:ids Cvci^p.® 

Having afrive^d ^il an averaffc acids balance, it is necessary’ to 
tl>nsi(!er the effect of variations in plant working and efficiencies upetn 
•the figures obtained. 

_ 2 ___•......c_* . . 

* *rhe facts arrived at tnidei* this heading are sunimariiied on the acid Irt^nce 
reproduced In Fig i. ' * 

o mties 
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THEORY AND VrACTICE OF fevCID MIXING. 


Points needirg Ckmtrolt—The thr|e points to control! 

in the cycle arer c ^ * / 

((a) The,cpncentration figure at the»Gaillard tdwers. 

(b) Xhe rate of production of HNOj at the retorts. 

, ' (Lj The fproduirtfbn SOjratiillfi'Gri 1^0 plant. 

df these, the firfiji, is 'the most important, since its effects are n 
iramedidtely obvious, whereas^ the over-or underjprodifc,t^n of’ HN 
'or SOj is soon indicated by the pvjsi'fiop of the ^tocjcs of'mixed 
•bnmked'acids. Provided' the'degree of concen'lr^trbn^at thepGjailla 
towers i$ s.'^tisfactory, '^^le other; factors in the ^cle afe^qasi 
controlled. ,, “ ” • o " ' 

, r '■ " , 

Fsctors beoessitating varii^n in concentration.—The chief factors whi 
influence the degre^’of concentration fit the Galll&rd towers may, 
classified as follows;—' “ • r''■' 

Y I ^ ^ 

, ‘ (a) IJotal SO3 losses in the cycle. « 

(bj Average strength of nitric acid used for mixing. 

■fc) Import of SO3 into the cycle as sulphuric acid or as oleuih. 

(d) Use of spe.it acid for mixing. 

le) Variation in consumption of mixed acid. 

'■ If) Export of SC3 from the cycle. 

The effect of these factors will be considerecTone at a time, assumii 
,all, other fa-torsito rpmain at the figures .given in the average tici 
balance. It will then oe sufficiently accurate, for practical purposes, 
assume that the effect of any number of variations will be ei^ual to i 
sum of the separate-effects due to the variations considered singly. /. 
calculations will be based on the figures for an output of 100 tons- 
TNT. 

Variation in.1^3 lossea-'-Considering SO, as H^SO,, these 'osses m: 
be divided into two classes, viz.:— 

“(d; Losses duriirg nitration, denitration, and concentration, 32 

, ' (b) Charged to nitric acid retorts, 141 ‘4 tons HjSO,. 

The effect of these oi^ the acids balance will now be discussed. 


'• P3) Increase of losses. 

Increase of HjSO, lossies by 10 tons of HjSO, will decrease tl 
‘amount of HjSO, from the Gaillards by 10 Ions, whicli corresponds 
an increased amount of SO, required from Grillo pltjnt of 8 'o tons. T! 
additional water to be left in the Gaillard sulphuric acid is therefo 
2 tons; .and on 502 tons this means a Jowering of the concentratii 
figure by 0"4 per cent.' " 


• • < (b) Increase of charged to the RetorIX 

■% Increase of HjSO^ charged to the retorts by id tons increaSes tl 
SO3 required from the Grillo plant by 8’0 tonsj and the 93 pei«cen 

TO ^ » 

sulphuric acid required for the retorts by--tons, i.e. 10'8 «tor 

^ ^093 
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This incrKfees tl^ water (ii> tl!e*(jaiHard conceatrated afcid) by a • 8 Ions, 
qpd decreases th^oncentration figure by o-g6 Jjer.cept. 

OpoiAaiiption 83804 at t&*Betoiis,—This *is affect^*in three ways, 
Viz.:— 


I per 


(a)mBy ihe efficiency of thelieiotas* 

• * • • 

Assuming # s^Ac^ H2SP4 %atio, a lowering pf the eHioieiiaA- by 
r cent, of fftim ^5 to ^4 per. rcnrt.* will iijcrease tlie 

#41 •/ 


‘ ^ ^ ri* y *- - • ^-▼ 

(jpn^med J^y., tons, *i.e., i'5%tons.^ As shown above, 10‘lems 

* ^ * r • 

• increase in tlie consumption of ILSO^ Imver^i the Gaillard Concentration 
figure By 0*56 percent- An increase of 15 lonswUl therefore Icpver tlie 
.concentration hgure by o'o86 per cent.. Hehc^e, w.'tbweriiig W i peA 
cent^n the retort efficiency affects concentratum by approxiinaleU' a‘i« 
per cent. 

;b) By the ratio. 


•This was assume.d to stand at 0‘,9>; its increa'^ Ijy o’oi w'ill 
• sinlilaiJy increase the H ,S()4 consumption and .will decrease the c9n- 
centmtion figure by o •«.^jerjL;ent. • % 


• • • • 

, (c) By the tolal*d)n$umption of HNO^A lhe*cycl^ 

• . . * 

Thi^is the sum of the nitration and,dcAiitration Josses, the average 

figure for which is 102’7 tons. * • #, • 

• Tfie reduction of this quantify by .5. tons would reduce tlie.H2S04 
in the feed acid by 6 9 tons.. Now, reduction by lo tops raises concen¬ 
tration by^O'56 perVent. {see above), arft\ redtiction ilH'b'gtons there¬ 
fore raises concentration by approximately o‘4*per cent.** ^ 

Effect 0 ! strength ot Nitric Acid available. —'fVrrffe points havt!*lo be 
considered here, viz.:— 


(a) Variation in strength of Retor{ Nitric Acid. 

Under average conditions, Ii8‘0 tons of nitrTc Aci’d'clfe supplied by 
the retorts at 87 per cent, viz., 102'7 tons of IINOj? If ^this is supplied 
at 86 per cent., the‘increased w'fiter content is i'4 tons. The water 
•content of the' sulphuric acid used for mixing uiust be decreased corre-* 
spondingly ;"similar^ the water content of the Gaillard acid. , 

•The Gaillard concentration figure (on 502 tons of sulphurij; acid) 
must therefore be raised 0‘28per cept. 

(b) yariation in strength of Denitrator Nitric Acid. 

^Yith 80 per CQpt., recovery, tire quantity of nitfic acid recovered ' 
fAom the denitralors is 37 "3 tons, which, pt 51 per cent, is equivalent lb 
•19-0 tt)ns ofHNd,. p ecrease'in strength to 50 per cent, increases the 
. wat^ content by O'y tons, c*orresponding to a rise jn cdncentratiQii of 
O'14 per ctint. - * * * 
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/ THEORY AND PRACTICE OF'ACID MIXING. 

* (c) V<j,r(ation in Smiprato^ Efficiency. I 

Since the amounts ^of- HNQ, produced by thfe denitrators anB 
retorts are cpmpfementary, an increased recovery at denitrators means 
?in hicrease tile average dilu^iop of th\^ nitric acid available for 
mixing. ' o 

‘ An increased defiitrator efficiency of 5 per cent, mpans^n increased 
•rerovpry of i’2 tonj,of IINO3, i.e., 2 4 tons of nijrlL aci<J tif 51 per cent. 
.fThis pitric acid replaces tlvit vybich tvould have bfki supplieo by the 
retqrts at 87 j£r cent, iffic extra water introduced ifito ihe'.dycle is 
eqtial to'the'difference’in‘the water content of the amounts of St and 
87 per cent, nitric ac,id, each having an HNO, content of i'2 tcffis. This 
figure is I ■ d t(ui, the effect being to raise the Gaillard Roncentration 
(on 502*tons) by O'. 2 per cent. ’ ' •* , 

r {IQect of import of SOj into the oyde.—The acids balance has'^been 
calculated,.en the assumption tliat all SO3 losses will bv. made good by 
the supply of SO3 free frdm dilution, by the Grillo oleum plant. When 
SO3 enters the cycle in any other way, a certain amount of wa'ter is 
introduced a-long with it, and an equivalent amount of water must 
therefore be removed by the concentration plaiit. The prviduction of 
SO3 by the Grillo plant is, of course, reduced b)^an amount ecjua'l to the 
SOj content of the imported acid. " 

r The feMowing ajre the main cases to .Jie considered. Calcula'ciotis 
are based on a 700 ton weekly output of TNT ; t-his means normally 
the production by the Ga^llard towers of 3,500 tons of 90 per cent, 
act'd. * ^ 

(a) Import of Oleum. 

This may be^imported oleurn from other factories, or surplus oleum 
from other par,l,a of the same factory, which it is necessary Jor various 
reasons to work <off in the TNT acid cycle. 

If xoo tons of olcttii arc imported into the c-ycle in any week, this 
,quantity at los^r cent. HjSO,,contains 85-7 tons of SO, and 14-3 tons 
of HjO. Hence the Gaillards will have to drive off I4'3 tons of extra 
water. On 3,500 tons, this will raise the concentration figure by 
0 * 4 per cent.,, , •, 

(b) Import of concentrated Sulphuric Acid. 

This may be surplus from other factories, or outstanding stock from 
„the .same factory. Taking this as containing an average, of 93 iier cent., 
HjSO.,, 100 tons will contain 75'9 tons of SO, and 24’i., tons of H^O. 
On 3,500 tons of Gaillard acid, this represents an increase ii\ the 
concentration figure of 0 7 jier cent, for ever)' 100 tons of acid taken 
into the cycle in any s-ngle week. ‘I'or ease in working, the-jncrcase in 
concentration c.an, of course, be spread over a number of weeks if so 
fdesired. 

(c) Import of scrubber Acid from Oleum Plant. ^ 

The scrubber acid brought into the TNT acids cyele frpm the 
drying tov.crt at the Grillo oh'um plant is best regarded as an 
imi?ort, rather th’aa attempting to reduce it to the roufine Of the 
average acids balance, particularly as the amount to be treated at 
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the Gaillards, wiil vary frdhl wefk iveeTc W^th the !iumidity of the 

aftmosphere, and^also with^the amount .9* scrubber acid issued .to 
other pafts of the fj\ptory for*^various, f)urposes.* * • • * 

^ Approximatfely 200 tojjs w^l require l(j b<i concentrated p^r v/eek. 
The SOjTOntent wUl in^liJde the*2*5 fier ceaL r^overy in flie scrubbing 
system, of the^ Spj cUargfd to tlie sulphur ourartrs* and also^ the SO3 
content of tftaoleuni»feci to the^trong’aeidscrubbihg lowers. • 

In regard co t^s sft'ruliljer aci 3 , th^Gaiflgrd Idwers must ceitkinly* 
drive a#quJ|ntit^ of water equivarent tcythe wliole of*ts •watrf 
(jontent. ^P**^^*®*^ of this‘is drive® off,Jiowever, in c<fiicei4tratiiTg it 
to th*e Siormal figurr* of go',4 per qent. The conccntratiom figure must 
be raisgd on^he whole tonnage of acid*dealt with, thorefcu-e, in order 
to drive ofii«an amount of water equivalent Iq Ihef water remaining iji 
*th€^ 3 ®rubber acid after its concentration ft) 9o;4 percent. ;— 

200 tonsnof scrubber acid at 6^ per*ceut. ILSO^ = i26^<t»tT)ns* 
H^SO^. . ‘ .*• . 

200 tons of scridjber acid at 63 per cent. H,SO^ = io2,'9 ton^ 
SO3. . . 

Corresponding• tonnage of 90*4 per cent. Arfphuric arid ■— 

* 139’4 tons. • , 

Water driven off'kin ^ormaf conrentratioTi to 904 percent. —, 

200 — 139’4 — 60'6 tons. • 

Surplus water to betlriven oil = 139‘4 —•i()2'9*— 30'^ ton,s.* • 
139• 4 tons of 90 • 4 per cent. sulphi*iic acid contain 100'8 tons 
*of SO, and 38’6 tons of H_.#. • ^ * 

• Potai tonnage of 90^4 p^l cent, sulpliunc a(»irT per weelr— 

3,500 + I39'4 —3,640 tins (aiifroxinfitely). • * 

Necessary jncrease fn concentration figure =j'*o per cent. 

The effect of introducing SO, into the system iif •any other form 
can be calculated in a similar way, care heWi^^aben to •d^tj^gguish 
between SO, introduced directh' into circulation as nuxed acid or jis 
retort feed acid, and SO, introducet] as spent or (Tilffr* acid requirTTi^ 
concentration. . * * 

% 

Use of spent Acid for mixing.— Whei'cas at C 5 ue#'n’s^''erry no %pent 
acid is revivified directly, a small amount of'tNT spent acid incon¬ 
veniently used from’ time to time to c(firect the ciilulion of MNT 
•mixed acid. The use of 10 tons in a singb' week would hava thck 
following elftct;— ^ 

* 10 tons of spent acid at 71 i^cr cent. H,SO, would be intijpduced 
into mixed acid. Ordinarily this viould have, come into circul^ion as 
conceptrSted acid at 90 4 per cent. ^ * 

" ib tons of* spent acid at 71 per cent. Il^SO* contain 71 tons qf 
H2SO4 and B • 9'’»tons of H ,0. ^ . • • •' 

• 7*9 tons of cc(lK’(?ntrated sulphuric acid at 90‘4 per cent. H2SQ4 

• contain 7' i*tons uf HjSO, anij o* 8 tons MjO. 

Extra wiater brought into circulation is therefore (.2'9 —0'8) viz.. 
2'I fons., 
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‘ ' V C '0^ 

On 3,500 tons of coo.cehtrate^ a'cid tKe “degree of concentration 
must therefore be I aised by .0* 06 per cent. f' ■ ' • 

The use of this small amourft of sppnt acid dops not,, therefore, ^ * 
serioHsly inte|;f?re with .the Ipad on the conceptrating plant. ' 

Variation ii^ the consomption of mixed Acid^—^ fairly complex ■ 
problem,'and all that can be done hep is fo'trq^t it Sp^roximately, * 
^hicii suffices for piactic.i|,l puriioses, The.ma^i f^cto** in the case of 
each i.iixdd acid is its cxmlent and the tonnaege o{ su),phph: acid 

used for nyxih^. . ' , , ^ . < 

(a) TNT mixed AcM. , 

Thfe‘total qiismtity normally required is 485’6 tons (ue page ,7). ^ 
385^-^ tons of sulphuric ?cid, having an H^S04 conpnt of 386'i-t'ons, 
^re used for piixing. Considering the effect of rsductiondn consumption 
^ by 10 tons, assuming the HNO3 consumption to remain the same 
' (variation in this factor having been treated separately), then, id tons 
of mixed acid require 8‘0 tons of sulphuric, acid containing 8'0 tons 
of H^SO,. Tlie effect on the acids balance is to reduce the H^SO^ from the . 
Gaillard towers by 8‘0 Ions (.'issumiiig the H^S04 losses in the cycle to 
. be constant), and to reduce the acid frem iiic Grillo oleum plant 
byS'Otons,* - 

Concentration figure = (45 3 . ; . 8 — .8 o j ^ ioo:---90-2percent.',i.e.,a 1 
, ^ (502-0 — 8-0) . 

lov-ering of 0-2 per '^ent. 

(b) MNT mixed Acid. 

The total ouanlily normally required is 162' tons, in the, mixing of 
which 107’I td'ns of sulphuric acid are used, having an H,S04 content 
of 100'-4-tons. Agah.t7onsidering the effect of reduction in consump- 
tinh by 10 tons (an outside figure), 10 tons of mixed acid require 
6*6 tons of surpiiufic acid, coiitainkig 6-2 tons of HjS04. 'fhe effect on 
the acids balance is to reduce tlic H.SC)4 from the Gaillards by 6-2 tons, 
and to reduce the sulphuric acid from tlic Grillo plant by 6-6 tons. 

The concentration figure therefore becomes— 

(453 X 100 = 90-3 per cent., i.e., ’ 

(502-0 — 6-6) - 1' 

a lowering in the degree of concentration of o -1 per cent. - 

Export ol Add from the oyde. —This has the reverse effect to that 
of importing outside acid. Export Is usually in the form of oleum, so 
‘ that, using the argument put forward on page 14, the export of 
ioo tons in any ween will require the concentration to be lowered 
<*by'"o’4 per cent. 

Oontnd o! the production of HNO, and SO,.—It is mol propopd to, 
treat these in detail here. The actual amounts of ear-h which are used 
per, ion of TNT -a-te obtained from the monthly flow sheets, and 
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mriations ajte at once apparen^and easily adjusted, provided the rate 
af production of tNT is knQivn. , ; * ^ • 

The SO3 reqairfed from thrf Grillo plant in any jlaftiqular week is, 
af course, equal to the ^dtal €0^ consuiEptidlp* in’ tht 4)rodmctft5n of 
the TNT»to be raanufftctufed, plus any SCfj^o be^expofted or itquijed 
For*any oth^r tpurposS, jintt minus any^OjComfdg into the system In 
other fprtn. ,** , 

^ segard |o flit Grillo plant also,*»t is I'ligtomar^ to produc^olcufti 
XceSs or the amount cak ulated’as required for mixincu The siwplus 


in ex' 


IS nrixgd. oft wth sulphuric acid froin the Gaillards at the jnixing pmnt. 
This’does net affect the baflance erf the cycle. 


Checks to* the working of*the Cycle. 

JleoMSiiy tor checks. -Checks are airsoliitely necessary l^o ehsure thr^t 
a cycle is working noritoally. In tlie absence of checks there i» always 
thq dapger of stocks of acid getting out of balartce, amb in particular, 
tf^ accunlulation or ‘depletion of the hmounts of acifl in circulation. 
The-greatest danger is the filling up of the available storage room with 
weak acid, which results either from too low a concentration figure, oi 
from the inability of tliji,concentration plant, to jconcjuntrate a 
sufficiently high figure the full amount of acifl delivered tp it.* It is 
necessary 4 o be able to detect this lend^^n^ before it reaches a serious 
stage. The checks which experietice shows ^o, be desirable arp as 
fallows* 

(a) Check of generaUbalance of stock. , • . ‘ 

(6^ Check of correct profiortioning of, prodtudmn of TNT anc 
MNT mixed acids at the acid mixing pkint. 

(c) Check of total acids in circulation. 

Check of General Balance 0! Stocks.— It is obviou^fy* impossibla 7 n 
practice to preserve perfectly steady stacks, although their relative 
steadiness is a measure of the efficiency of tlm \i»0rl^ing,pf the cyqie as a 
whole. It is necessary at times to close down .individual plants for 
overhaul, burning opt of flues, &c., and tljp stdeks must permit of t'lis 
being done. In general, the stocks of each acid should be such as to 
provide'for ^ach plant;— * * * 

• (a) An ample inargin of acid for working, in case the supply is cuf 
off through a temporari^ closing down of the plant supplying 
• -the feed acid; and • * , 

(6) Suffiefent empty storage to enable the platit to continue working 
• w^uthe plant normally taking its output is teinporarfli^ 
• unable*to<do so. * . 

ffhe ffjllowlng fable gives the ar^ids in use on the TNT acids 
section, with the tdtal stprage accommodation, the‘tonnage of acid 
regarded* as desirable, the ^are storage thereby afforded, aifd the 




7'NT spent Add - - ■ 

MNT spent acid,. - - - 

Denetrated acid" - •- , 

Concentrated acid 
Retort feed acjd - < . . . 

Grillo 98'6 per cent sulijJiuric acid 
(trillo oleittn - -c « - • - 

^Retort stroiif' nitric acid • ' ’ 
Retbi^NT 'ak nitric acid 
Denitrator, nWic acid - ^ 

•TN'r mixed acid 
MNT mliccd acid 


f ' 

Ttjns? 

r Tout.* , 

V '' 

T^ms. 

, Tons. 

. » 

f. 

l.fKX) 

' 8ofj , 

* 800 

*4CX) • 

• *32 7 

- 

.600 

200 

• 

••xfoex) 

' 800^ 

800 , 

67 ;'5 

- 

I.SPO 

. goo » 

6oot 

-f 5 P 2'0 



200 


/520 

- 

I, OCX) 

50 < 5 . 

, . 50 * 

383-5 


. 5 . 50 ’ 

200 

350' 

103-5 

- 

60 

, 30 

30 


- 

H 

Nil 

‘ .SO 

3 ’o 

• 

8 

4 

4 

37'3 

- 

2/200 

i4(x) 

8cx) 

485-6 

* 

7cx> 

i 

200 

5 (X) 

163-0 


■ _ II is worth while nf)ling that whe-reas, in order to ensure cont'/iuSus 
working the TNT nitrating liouses need to carpy a safe stock of irtixed 
'acid, the same consideration does not apoly at the MNd' section, wjiere 
a censideraPAe steck 6f MNT is always kepa in hand. , 

The general balance citp be readily checked '.vhen an agreement, 
such as is givem above has been .arrived at as to what coiiikitutes a 
des'lrable coi'.dit.ion of the stO(.-ks. 


Check ot relative oatputs of TNT and MNT mixed Acids. — I'hese quantities 
must be checked f>n accoyiiit of the. tendency for variation in ^e relative 
consumptions oT'mixed acid in the two nitration processes. The output 
of TNT .niixed ac;d,.i,s, checked satisfactorily by the condition of the 
tcj,tal stock of TN'r mixed acid. 'I'o check the production of MNT 
kllxed acid the y■^Ttcl^^ of both MNT itself and MN'P mixed acid must 
t)e taken into account. . 4 ssuming that a stock of MNT must be sustained 
as a stand-by in case of emergency, the most satisfactory procedure is 
to reduce any fluctuation in this to a corresponding tonnage of MNT 
mixed acid and then to -'lieck the steadiness of th(‘. figure so obtained. 


j pheck of total Acids in circulation. —'Phis cannot be satisfactorily, 
done by merely totalling up tlie total acids in storage m the cycle. 

' For example, the Grillo plant may over-produce ' .SO3 for a time, and 
stocks {if Grillo sulphuric acid and oleum may accumulate. 'Phis does 
not affect the SO, in circulation, however, and in order to devise a 
check which will examine closely the satisfactoriness o'' otherwise of 
,tji^ Gaillard.concentration during any period, it is necfrssary to define 
‘ “circulation ” in sUch a way as to obtain a figure wjiich should remain 
ednstant with satisfactory wording of the plants. Tips constant fi^re 
should include SO, in spent, denitraled, and concentrated acids;since 
thestt.are obvioiisly in circulation. As regards mixed acids,'Grillo acids 
and'retort feed acid, it is best to distinguish between the SCJs content. 
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which is truc> circulation acid, ».c.,'SO„whkl* comes from Gaillard 
concentrated acid* and the roniponent supplied by the Grillb. 
' which is most s^isfactorily regarded as out* of circulhtion until it 
enters the spent acid tank&» Henc^thf SO,»to bg <'.ohsid|i ^3 is reduced 
to the? SQj in spent, denitrdtedj End conceiftrated auidsl remembering 
,*that*a portio^ ©I ihe fe^tef acid is to, found*i'^ Griuo, mixed, and 
retort feed!»acid% **» • • * 

The'necess^v tfata»are*as follows :-v 

» (a) TNT sfent Atuf. * ^ 

^00 IqA_s at 71-2 per cent. H'SO^ ('bnlniii 58 T tons df,SO,’. 

• 

(b) MNT spent Acid.\ • 

100 tons j»t 72*3 p#r cent. H^SO, con tarn 59'O tons of S 0 <» 


I (c) Denitrated Acid. 

igo tons at 68’o per cent. H^SO^ conj:ain 55*5 tons c*f SO3. 

{(]) gaillard concentrated Aci^l. 
lop tons at go'o j)er cenU HjSO, contain.73‘5 tons of SO3. 

. 91-0 ,?* „ >t'3 ■*;, 

. 92*0 „ „ 75-1 „ 

I 93 )) ») •* )) 7 S *2 ’> ^ >> 

♦ • • • • 

(e) Grillo Acids, Mixed *Acids, (tnd Retort feed Aeicl,s. 

The SO3 in these acids which nia}»l)e r«ffarded<ns liaving come 
from Gaillard concentrated acid will vary \Vitli tlie«<'oncentration 
figure. The following table gives the tonnago different<.-dJice/itra- 
tiorv figures of SO, per 100 tons of each acid wliitm may be reckoned as 
circulation acid 


100 

100 

100 


Ariel. 


Circulation per jrx) tons <iJt acid when the 


Grill® sulphuric arid (f) 8'5 per ceiil.)- 
Grillo oleum (105 per cent.) 

Retort feedjes per cent.) - 
'l^T mixed acid - 


JT mixed acid 



• 


-»- 

pci cr'iH. 

't|2 (Ht mil. 

03 per rent. 

• 

Tons. 

Tons. 

• 

Tons. 


58-8 

6i'3 

41-4 

431 

45’o 

67 a 

727 

75 9 

. 41 5 

43'4 

45'3 

44'y • 

4L-8 

• 

48-8 

natter of 

a few minutes to 


Theck fhe amounf of SO3 in (•irc.ulation at any particular time. The 
result,so obtAined, alfhoiigli. not correct to the nej^res® tdn or so, is 
sufiBciently*accurate for ordinajy purposes, and affords a ready and 
convenient metliod of testing the efficienc.y.Qf the cyclu. 
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Cbl^TROe OF i'LANT UUTPUT, ^ 

GeaeraL—Ai already outlined in thg*Introduction, for tlie normal 
working? of'^ay deid,^ctoij' there is ap optimum position with regari 
V st<x:ks of a;id| which,!t is the aTnf of Hil person in charge ,of the 
Acids Section to mifintaiii. To attempt to,controf the output of thet 
• plant'hy reference* to th^stdcJ:s aioi^, howfevert is* imposjible, since 
/the cpiantity and varietiir.of acid tn st(5ck is^at^ tj cover* up any 
tendency tor^rds over-%^r uncfer-pjoduction iintil*thest have*g^e too 
faf*lo alltjwW easy fftjjifttnient. • hi addition to the aboye consider¬ 
ations, it ii^.essential for reasons op econgmy in’labour tintLflt^terial 
that a ste'adv outpuj should be maintained. ^Fhe following sy^em was 
dntrodJfed in ord^r*that, as far as possible, a fixed progi^mme might 
, he^drawn uji for each ihdividtial ^ilant which would correspond ,icf^tht 
deshi'd projhiction of fjnal product, and whlclj would ^rve to maintain 
^ normal •stoc'ks of acids* in process. Briefly, this method of control 
resolves itself into— ' ^ 

(d) The^compilotion of an acida balance to determine the work of 
each’plant in tertn* of tons of final inroduct (TN.T, NC.^NG, 
&('.). • . i 

(h) A system of flant returns w'iiich give ffie daily work and stocks 
^f e:y:h iJaiTt. * ^ . 

•fi'j 'I'hc inlerpretHttion of these relurnV by those in charge,of the' 
Acids Section. «■ * 

f 

. Acids Balaaoe.— *l'his has alrendi’ been described in the foregoing 
pagesy»fidjt is necessaniy'at this point merely to summarise its functions, 
whicli are as folj^ows ; -^-tjie dejermiiialiop of the outputs required from 
each individigif jilant.in'terms of tlie final product, refe/ence being 
matle for ^his’ purjiose to the results of former practice as summarised 
in tilt? ifiontlily quafTt»ty‘llow sheets (sec jiages 6a and bb): the presenta- 
f^.on of the. infonnajion so obtained in tlie form of an acids balanoc or 
acid flow sheef’n' igs. i and 2), which will show quite clearly the duty 
of each plant in terms of loo tons of final prodmd, so tfiat, with a 
known weekly prpdnctfon of explosive, each plain can be given a 
definite iirogranime^to work to. 

For example, the" following programme for the week ending June 
30th, 1917, which was based on a weeklv [iroduction of 350 tons of 
TNI' , is derived from tlie ai'ids balance reproduced in Fig. 2 ;— 

c Tons jier diem. 

TNT mixed acid required.256“ 

Af A''/'w/xed ac/d.required- ...... 78 

/.icmteators to 

(MN r sjient acid - - ^ - 62 

Gaillard conientrators to conceal rate 364 tons of denittated acid to 


92 {)er cent, strength (intentionally in excess of concentration 
figure shown, I'/de m/ra). 

Nitric acfd retorts to produce 52 tons pt HNOj. 

Grilln oleum plant to prodace yojons of SO, (iiitentio'ially'belqw 
production figure sho-.vn, vide infra)i 
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Fig. 2.—H.M. Fa^to^IJ —Queen’s Ferry.^ 
Acid^Bnldni^foi^ioo tons TNT. * • 


21 . 


• • 

noj'onsM.ii. 


6 S»Mkt CfKI^LO ’♦ ^ 

f • •,_ 



TaUe 1 . 
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W’6 Uni t*. ! I« 
105 p^r cen4 1 « 
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£j| 

sis 


jSUFFLEMEiraARY VOTES 


N/tR^T/O// 

ns«- 


Table 2. 


^§1 


•l^ni 


approx. 

♦ 


■i 04 ‘ 7 j 4 ;! 9-5 366 ' 7 , 3 o-() 

1380 


- }3070 

- IJ 5«'7 

-» - 12760 

i\] on T05 1345 0 
per cent. | 

i 


Flow sliecl 
I’lljures. • 
35J 0 343 oif)4‘3 ' Most coi^- 

j I venient for 

I i 3 .'><^^ 45 otnn^ 

T!N1' |XT week 


F‘i '3 3 if>‘o, M <>*3 
341-2 
150'8 

130*6 


3i>*)'2 

351 S 
338 * 

1H7 I) 


116* 

* 54 ‘j 1 
1O7 7; 
Ji‘r 3 ' 


I 


I'or retort 
j mixing, 33 1. 
tons oleum, I 
and 132' 4 tonsjt^'i per cent.' 


Tons TNT 
per Week 


.»».■) 

5IX) 

474 

430 

375 

330 

^^5 

300 

27.3 

350 

3CX) 


TNT Mixed Acid. 

H,SO, UNO, 11,0 

513 tons at 71J 5, I7-8. s• 7 made from— 

Tons. Pit riTit. Tons. I 

I 104'2 oleum, 105 H,SC), l<sj’2H,SO,. I 

301 3 S/A *q8 6 „ — 2(^7 1 „ I 

MNT Mi.xed Acid. • 

• , H,.SO, IlNti, 11 , 0 . 

157 tons at 62 o, 21 o, 17 0 niaili* from— 

Tons. Pit cent. Tons. I, 

62 -5 s//r <i8 f. H,so, = f.i -6 n,s<i,. j 

t 3 Q ? rio'S >■ / '■ I 

GKtl.I -0 l*LANT. 

Produces SO, tv rep^ce the following losses : — 

Atretorts - ' » , * 153 0 tons ( 1 , 80 ,. 

• At (fenilrators - ... 4 8 „ „ 

At Gaillardse - -« - « - i?’" •. 

At TOT nitration plant - - ii' 9 *.. .. 

AtMNT „• „ _ 6'9 


* Sulphur cliHrXes usink- 

- * »_*_:_a 

1 1 unit. 2iiinlh> 

j ) unit.*.. 1 

tiiiiiA. jsiinits. r,units 

1 , 

• 

i 

• 

1 89'.5 ; 7<>'3 

• 

, ! 80-4 1 ^>7 II 

• , 

i 

J 76-4 i ’63 6 

0 

* 

85-1) ■ -68-4 1 56 q 

• 

0 

80 4 64-1 ; 53 6 

« 1 


7.5 .) ('>'3 1 5U'2 


• 

70'.’, 56-3 ! 46-8 

6.V.I. 1 43 .5 

80 3 4 ^ 3 4 " 2 


87* 1 
So 4 

# 

7 .V 7 

o» 

55,2 44 2 ljj^8 

50-2 40-J 33 

! 80 *4 

33 

40-2 32-2 1 46 

, So 40 2 

3 (> H 

20 I 16 I 13 4 

)|>cfi-cn^v ^ 

• • 

• 


Tons. 
iot» o N A 


Per i.^nt. 
KO <5 


UNO, 


Tom. 

- ql'2iIN<V, 


T ons. 

39-6 N/A 
i.i *3 


Pit cent. 
• ") 0'0 
86 o 


•iv#. 

UNO, .- 19 fi UNO,. 

=2 n-2 


i I9g '6 = 158 0 tons of SO,. 

I 


> the 


At MN I o y > 

Thellow sliMt gives a production of 419 q tons of q^'O per cent, acid gild 10^ -7 tons of oleuiu I his 
le minimum *amount of oleum which maj be produced; if more than this is made there will»br. a 


orresponding decrease in the amount of ^ 6 per cent, acid, a^il the excess o(, oleum over 104 7 ton will 
e mixed with Gaitlard acid (qo' 1 per cent.) at the mixing plant, producing again the flow sheet figure 
f 413-9 tons 98-6 per cenfc acid. Table i shows the necessary changes in the acid circulation for i^rying. 
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quantities ot oieum produced. This, in conjun(t 1 |n'>iuth Table 2, will show the niunbet of Grille units 
required working on oWuiA and on q6 (j ppr cent., a^d tfe aen;ssyy |ulphur charge. ' * ■ 

The quantities of mixed acids and spent acids (ancbthereftiie the consumption oKHjSOi and HNOi m 
TNT and MNl nitcationj, as^wclfas*hc reSm-ries at the Gailtards and Grille, are oased on the 5 we^s 
practice-j 28th April to audejune, 1^7, The ^recoveries the denitrators and retorts while higher 
than the actual ligun*. fcr this perio*, are considered practi^hle. , • 

Betoniai --In ,ord^ to ast^ertain whether fhc various plantf 
roinpi;ising fni Adds'SejClion £fre‘tvorkingl to their programmes, i.e., 
kheping^in b£*anf;(;,»,iand to indicate the atjjds portion gen 4 raJly,two. 
jeturi»s®*;ire made (Sich day, viv..*;— •«•**#' 

• ^ 'I'lie add.‘#stor]j^at 6 ^a.m.* 4 Fig.<};t i *» J, 

* (2)'The ]daut pro^uctiofts for the previous day (rig.,4).‘^ o, 

.'The istonls are givc^j <jn tlv^eform rllustrated ii^ Fi^. 3.' Eatjh 

column on 4 he sheet represents the; maximum* •storagee-capacjty for 
one viuicty, of add,'and the actual quantity of acid in stock ^t 6 am. 
is markpd ofl as slfiiwn. The relation which the.actual jtock should 
ttear to the stor.'gfe capacity depends on various factors, anjj. «!iay 
'vaiyfo’iii time to time.* Taking the stocks^ as sho\yn at 6 a.m. on 
the 26th Jfwie, for exaqiple, the only unsatisfactory stock is that of 
'the TN'r spent add, which is greatly in excess of the normfU, but 
adjustments in the ,adds balance had alreai^iy licen put into opera- 

tion ill o rder tu re duce this utiyk.t .__y 

. * A complete .set of I'he technical records jirepared by H.M. factory,Queen’s' 
Ferry, for the month cndluj,' December 2pth, 1917, are ^jiproduccd in the “ Iteport on 
' the Statistical Work of the Factories Rranch," pp.‘iJi-i54. The forms on which the 
^ wej'kiy recorls ;iry mt^lc hre practically identical with those used for mfmt'nly 
returns. 'Fhe informatioif' ffiven in the daily returns, from which Figs. 3 and 4 
were, compiled, arc necessarily »,iore detailed than that ir.Jiuded in the weekly and 
monthly returns. , ' , ' • 

' I llfductiidii ^if SO,* stocks ill spent acids and denitrated acid :— ^ 

. («) The excess .'yid rate/jf reduction are fixed. If this rate is c tons'per 

we«k, then, for a pioduction of 350 tons^of 'I'N'T per week this will become 

-. pt’f, pHj tons <)f 'I'NT. 

• fbj The SO.) drawn from stock will mean a corresponding diminution in 

* *•»« ' , f 

the amount required from the Cirillo oleum plant of (h — - - ). 

(f) 'AjTiefore, the degree of ironcentralion required at Ihe Gaillard con¬ 
centrators will be obtained /rom the balance of receipts and issues, viz.:— 


From Gaillards—'X tons of sul- 
phtric licfdf. 

( “ e ” tons of 1 lijSO.,) 


From Grill() -6—- tons of SO,,. 

3'5 


To acid mixing —q tons of oleum 
(105 ])er cent.). 

To nitric acid 

retorts—r tons of sulphuric acid- 
93 per cent. 


To exjiort—s tons of sulphuric) acid 
(m iier cent.). 


.V + 6 - ‘-‘"US. 

3 5 


q + y -Jr s toqs. 


B ligurc “a" above includes tlif- SO., as HjSO,, drawn from .stfick, i.e., 

1 . ) ■ , , . 

o 8i6 -X 3 ■5'' ' ■ 

Degree of cohcfntration required at Gaillard towers = — - _ 

7-f r-f-'s — b(-f-) 
, ''3 

, per cent., and this figure must necessarily be greater than thjit shown on the acids' 
' balance iq Fjg. 2. P«ige il.) ‘ ^ 
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ACIIX CVCLES AND ACID bXlaNCES^ 

• • • 

The plEi 4 production Jgfm fl'ig.*4) is'.based on acid balance 
shpet (Fig- 2) and aims at showirJg the vv«rk doae by each plant in the 
Acids Section. This can be dene by giving the qunnfities either^^f tile 
'acids treated or of ttie acids *i)lodiiced, or bo\h, but^ m’or^er to keep 
uie form as simple as posable «ylj o»e op^rativ» is* gaMMi, thf; <»lher, 
.being inferred from tit. ’The form might wflJi adx^iutaje be ma'de U) 
'*indiratd the dailj* profluctfcn of finislu'^J producf*(in tins case TNT)^ 
but as tlje*retu*i* of,*fliis figure •is^.nuide fr^pi aiujtlier section qf»the* 
factory^ Ufe corAspf)i*ditig tigurn given iMlurt^ib the yiixed a*ids^used« 
for niohcf- and trinitration, wjiicli sci«vcas a mqffsuic'if sutfl^ production. 
Tlie €orra K ?o ar^atiged that horizontal fine* drawn thiTmgh the 
'points’on thwirst column markeft into.hupdrcds .of ton!**of TiNT per 
1 week vlJill itiark pfl. on the renKiining columut. the, tlhily hgures. 
(eqijired froili each particular plant fry this wi^'l.ly ^woduction tvf TN']> 
Thus,Tor normal working, the ends of thc» ^hadt'd jiortions of^he , 
columns (whiclf represeifl tlu' day’s work) should approxjyiafe fo a 
lioriz^tal line. In I'ig. ^ vvill be seen a refuoduction df the jilant. 
[iroductions form for tlu^zq hours ending ha.m. on the aqtli Junt» 1917, 
at -wj^iicU period the plants were working ^to a w^kly jirograinnie of 
,^50; ttms df TNT. A*s regards the prolluction of SO* at the (irillo 
oleum*plant, it will be noticed that,this tigure iS^less than that stijiu- 
lated. This was intentional,* however, in order to work oil stocks of 
Sdj m the spent ac id. 

' Interpfetation of #lant Retums.--The dail.t* rec ord of plant ])foduction 
'Fig. 4) is not alone sullicient to cnalfle .uc iirodflc tion ov^r^a jienod.to 
ac«:arerblly tvatc hed. A daily (luctuaticni in output iS in *niar:v cases 
unavoidable, and it may be necessary, as in tl*e case, of tke tiTlillard 
onc'enfcration plant,’to c ondense sevc'ii clAys’wBilc into^i.v clays in order 
to leave one clay for hurning out the flues, 'do kec^^Jrm k of these 
Iku'tuations, therefore, each item on the ])k*nt_^)nuc'tic*nnor/n is 
mtctfc'd on another form similar to that rc'iiroduced on. the follow 
page, whic'h is a cojiyof that filled in^for “'I'N’r siiwita^id deiiitralctj^ 
for the week ending June 30th, 1917.' . * ' 

On this form the daily production, figuib i^ysybtracted froin the 
required figure, and the clifference (plus or minus) ent^ered m, the 
adjoining column. This is then added to the egr ess or deficit to date, 
and the resulting figure* is converted in thc^ Touith column into teinis of 
tons of TN'f. This last figure, which reiiresents the over-or untler-' 
production oT each ^lant in terms of final product, can be- shown 
graphically as in Figs. 5 and G, so that the position lodale U each 
portion of the Acids Section may I** seen at a glance. In I- irf. 5 the 
verticis-l sc'ale represents tons of TN'I‘, tlie pointsTroni which each c urve* 
starts indicatin,g the required production cjf INI. If the jiroc-essTS, 
shown were'exai'tly carried out to tjic programme given ie.f'., 350 toTis* 
of TNT per \veek),'th(* lines would be horizontal, so that dcwiirtioa 
from tSe hoi^zontai shdws at anv time life excc'ss or deficit in tcirms of 
tons pf TNT over tlftit cpiantity. In Fig. G the vertical* sc-ale also 
represents tons of TNT, but thg form .is set out in ?i similar mannffr. to 
the daijy produc tion form, Fig. 4 - As before, horizontal lines through 
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the daily tonnsrg^ of TNT required (sptoSjSci&this case) s^cftild coincide 
^Yith the plant pi;oductiof». The deviation from the hor&ontal (whi^b, 
as in Fig. 5, i,s ,plotted py reference to the figures in the last column 
of the record of plant'output belovv)'^ gives thfe excess or deficit tp* 
date in' terms/of TNr, or.'by rcfer'ip^' to'^he figures in the vertical 
polunin, of thi; actu;4l toiinages of acid. . 4 n Examination of either of, 
these,fotms will show at onccj not only whihh <p&rts of theAcidS Section 
' are out of balance, hut th«'amount of forcing or pK&kinf which, is neces- 
‘sary.. Thus, for the wbek illustrated, a glance dt ^shoWs |hat the 
under-producvion at fhe Grillo oleum plant was equivalent tb 25 tons 
of TOTor40 tons of SO^; ihe nitric acid retort^ over^pr^uction was 
equivalent to 10 tons of TNT or 10 tons of HNO,; the ffroduction of 
MNT mixed acid was below tlie required figurp to 1,he extent of 
approximately 16-tons of TNT , or 15 tons of mixed acffd; and the 
remaining processes were carried out to schedule. 


RECORD OF PLANT OLTPUT. 
tAciDS Section.) 

For Week ending 0 a,m., 3 ()lh June 1917. 


Acid :—TNT Sjevt Acid denitratcd ( 5‘6 Tons = 1 Ton TNT). 


Flow re<?uirfintnt. 

really tonnage. 

Excess over 
weiglit 
required. 

1‘otal excess 
to date, 

Total in terms 
of ♦ons TN'r. 

2S0 {J50 tons 
of TNT per 
week). 

\ 

Brought forward'^ 


. 

_ 



Dav e.iding 6 r ni. 






Sunday 

- 

214 

-36 

—36 

- 6 


- 

345 

+55 


+ '-1 

Tuesday . . 


325 

+45 


+ 12 

Wednesday - - - 

- 

20s 

-72 

BSH 

0 

Thursday ... 

- 

2 fi 7 



+ 1 

Friday - - ' • - 


266 

— 7 ^/ 

-10 

— 2 

Satuiday 

• 

280 

0 

-10 

- 2 


Remarks— 


It will be seen that these graphs furnish the necessary data for the 
effective cpntrol of the acid plants individually and as a vyhole, provided 
that the acids balance represents the actual working conditions of the plants 
involved. Any departure from the stipulated strengths of acids, operating 
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ACID cycles'* AND ACID BALANCES. 

■ f • 

efficiencies, ac^ exjxirts, or njijratlonij fosses, &c., will«UDset the acids 
balance to a Weater or less 'degfee. U e^e^tial, therefore, to keep 
cl<feely in touch with the wee^tly plant reports and laboratory returns, 
which wilt disclose such changes if any are taking pldcfe, and to note 
dhy variations from previo^ practice jvhicA haajj^h' standardised by 
the acids b)^lance. certaSil casA *t will be'iiecessary tJ modify plant 
J>ractice«(e.^., if, 47 per* eject, instead o^ ^o per c^njt. nifric acid werd 
produced at tbJ% denltcators, or if \yeak sulj^^uric acid of 70 perVant. 
instead of >65 peu. catt. ^rengfli wefe issued tlie Grillo si'nibbing 
systemX'whifet pWiodically the composition of^Hhe mixed/icids mify^be 
changpd, in jvhish casQ it wifi be ne?;dfesary*to'amend or rec’onistruct the 
acids balancers a wlfole. . . , •* » 

Another form of presenting summarised results of plant working 
'is that shovsn in Fi’g.'y, which ^ives the^ultiHiale .rjestinatiorr'over a* 
dfertain ,period of nitrogeij in I'N'I* mfinuit«'l>J'’t^ Such charts..if 
systematically drawn up^ have been found very useful in .ipdirnting 
avoidable sources of loss, and in enabling preventable waste'of raw 
materiefls to be reduced t% a minimum. 

NITROGLYCERINE ACil/s CYCLE.' * 

IfcTs not proposed to give at length the construction of an acid 
balance for NG manufacture, aS t],ie subject bears such a close resemblance 
to theTNT acid cycle already,cVescribed. Although the nitration process, . 
^and intact the manyfacture of NG as a whole,* is dissimilar, in fery 
many respects from TNT manufacture, yet tne method of preparation 
of mixed acids used and the subspciitent lrcatment»of tjif/'<yaste acid 
produceef hav^ much in common. ... • ■ 

In setting out the acids .balance for, NG iganufacture It is usual 
to include this alonpfwith a guncotton or nitibcellulo^e ^acids balance 
as shown iri tlie acid and water balance for 700 torjs per ^yeek of 
R.D.B. cordite. Fig. 10. A glance at this sheet wil-J-show liow irAer- 
connocted the two cycles are, and the desirability of trreating thejp^ 
together, especially as regards the redjstillation with sulphuric acid (\f * 
the weak nitric acid resulting from the denitration of the NG and GC 
or NC spent acid. , **,»*,. • 

GUNCOTTON AND NITROCELLULOSE ACIDS CYCLES.'* 

* General. —The essential difference between the production of TNT 
.and NG on the one hand and GC and NC on tlje other is the method 
of treating the spent a^ds resulting from the last-named manufactures. 
The spent acid re.sulting from TNT manufacture contains little pr no 
nitric acid, the nitrogen content beii\g almost entirely in the fopn of 
nitrous acid, which is present to the extent of 3'5 per cent, (calculated 
as*HN©j). NG*spent acid contains nitric acid as well as nitrous , 
acid, which are togeth er present to the extent of about 8 • 5* per cent? ■ 

*• Fo^ purposes of convenience these two explosives are taken together, as^he • 
4Bethods used fotAheir peepartAion are almost identical, the chief difference being in the 
composition of the mixed aiyds used. The term guncotton is here usjd a« indicating 
•the highest nitrated cellulose, which is substantially insolui>lf in ethcr-alcohoL 
nitrocellulose Ife generally regarded as»a lower nitrated product, which is soluble i*n 

e^r-alcobol- ** * * 
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(calculated as^HNOj). It is nec'fe^ar^' tq denjtrate each pi these spent 
acids by means of stiiagi ip ^rder,« in tfie first place/ to remove or 
destroy any dissolved organic nitro-Qpmpounds, and secondly, * to 
recover in a‘usable fcfrm the nitric‘ajid sulphuric acid A^^hich they 
contain,® i.ft.,|th&‘wb9ie o^ the^p^nt .acid*is in each case split up info 
jveak sulphuttc cy:ijl and "weak nitrif acid,* whicl\ after suitable treat¬ 
ment are then reii\ttbduced sep^irately intoithg cycle.^t/he acid mixing, 
plar)}.. On the other haij^, the spf;nteacid from GC ipAnufacture does 
not diffar very . greatly «n c«mpd*iitioif froiif ^iginapl' nitration 
mi;c?ure useci, only a sm^ll proportion of its nitric ac iu ccmte'ht, having 
b^en reilla(?ed by whtei'. ilndrf *the cohditioijs of die 4isplac;ement 
process, GCkind NQ are manpfactuDed by.immerSing suijhbly prepared 
cotton waste in cei;tain nitration mixtures,! and the latter during the 
convefmon of tlv., cotton \\;aste intq guncotloii dr nitro»ellulose,^lose 
njijric acid, together with a small quantity of sulphuric acid, and gain 
a cDrt&in,amount of water. No foreign matlsr,! howew.f'r, which would 
make thetkcid otherwise unfit for manufacture is introduced during 
the nitration operation, and it is therefore iiecessary .only to*tcplace 
the proportions of fiitric and sulphuric acids which have been removed 
and to reduce the water content, in order to render the sjiepf.’acid 
suitable for a further'iiilralion cyt;l("- 

In the case of tli*e GC or NC acids v'yc;l6, therefore, the spent acid 
is dividecl into twjo parts, the greafer of which is “ revivified,”’i.e., 
broaght up again to Vlic composition of t'ne original mixed acid by the 
addition of a specially piljiared “ regenerative ” ‘mixture rich in nitric^ 
acid and of,low wptdr content, \ihilst the smaller fraction oT the spent 
acid is treated in stills fur the recovery of the nitric and sal])hiiric ^jcids 
which h contains. The nitric acid ihus obtained is chiefly in the foim 
of strong acid, but a certain amount of 'water is> invariably driven oil 
as the tempeWture of the still rises, so that the later fractions of the 
acid ai^e consid'erajjilj' v.'^eaker than the first fractions. Since it may not 
be possible to utilise all the weak nitric acid on tlie plant, viz.^ that 
produced both stills and at the retorts--for acid mixing in the 

• See No, i of this Scrips: “ Denitration of Spent Acids.” 

,! It is interestu g. to note ho.w important it is that tlie composition ()f these 
mixed acids or nitration mixtures sliould rigidly conform to the definite limits laid , 
down for them.,. In the rase of 'I'NI' and nitroglyecrinc manufacture fairly wide 
limits are permissible in tlie composition of the nitration mixtures, since the products 
of .nitration are definite compounds -viz., TN T and nitroglycerine—a good yield^' 
although obviously of greiit importance, being less essential than,uniformity in the 
composition of the end product. In the, production of gu.icotton and nitrocellulose, 
however, far greater exactness must be observed in preparing the acid raixtilrcs for 
nitration. In order to secure a product of uniform nitrogen content (which is of 
paramount importance from tlie point of view of ballistics), it is neces.sary tp work to 
very clearly defined lirqits as regards the mixed acids used, as a slight devii^tion f^om ' 
/he slandarjl conditions reflects in. a very marked manner on the, degree of nitration, 
I.C., the nitrogen content, of the, nitrated product. This is especially significant in 
the case of the lower nitrated nitr<x:elluloses with nitroljen'Contents iu the neighljour- 
hood of 12 per cent. ■ , i • i ^ 

t The/;ra^ual accumulation of acid sludge (consisting chiefly,of ferric sulphate) 
is inevitable, which necessitates the periodical cleaning out of the spent acid settling 
thnks, but this factor in no way prevents the residual nitration acids from being put 
to further use. 
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$ • 

manufacture ojf nitrocellul»SQ„it is cuslomary to coll«ct, all the weak 
nitric acid whi«li cannot be utili^d for. jn'i^.inixing purposes, and to 
mix it with strong, sulphuric acid. .This •hiixtui'e Is then returned 
tp the stills and the* nitric: aoid distilled cdl, \hc bulK ’of the water 
remaining with the sulphuric acid^ ,Sit»ce. hT)wc:-n*;r., any diiit'illaiiuH of, 
this kind will always yic*ld a c'ertain propc>rtian of.the .Jitric acid ii) 
the form*of weak acid, rt is hbvious tlial.there is a chntinulu circulation* 

4.1?.^- 1 . « .1 • r • . .* 


s^.jing 

to the 


thfi calunins*(gives ri^» to a relatis^efy wawk'nitfic acid, which, if^'it 
cannot'be utiJised for acid rr>ixiiig,*is niix^-d with strung sulf)hurk: acid, 
the mixttire being th,en,distilled in order to drive oil, the nitric acid as 
fjec^.as p(y>sfl)le from w'ater. In. this opQiation a .siHiall (juafitity of- 
weak iJitric acid is again formed, which in Utfn must be mixed w^Jh 
strong sulphur«*acid and redistilled. In a chmbined at'jds'cyrle, 
su'.'ii ag that shown in J' ig- lo, it is usual to'mix tlie exdibs ftf weak 
nitric; acid Irom nitrogly'erinc' and guncottcui or nitnjeellulose manu- 
factu/e, a,ricl to c-onc-entrate it tog('tlic>r, instead of separately. 

Tke proi)ortic)n of gunc'otton c)r nitrocelluiose sj)ent acid to be 
reviviTied depends u])on «the combih'x'i acid balance throughout tlie 
plantj* A mcdhocl erf dcitenninkig tlie exact njeasurc. in wdiich nitric 
and suijihuric acids must be rcIcIchI to a gimcottoy Spc'n* aciti in order • 
to yield, a jiroduc't of'Kiaiidarcl croinposition y shown by the following 
explanalictn* and examjile. In priiK.ip’j'the same method ajiplic's to 
the j'c^gc'iciratvm of nitroc-ellulose sj»(.‘nl acids. ‘ • * 

• • . , . 

Method of calculejling Gkmchtton Acid Mixture^ t Case —Tfie average 
c ompositioii'of the spent acid usually available for malciT.ig up the slock 


of gunc'otton mixed acid is as lollows : — 


H,SO. 

HNO, 

H.O- 


Pc-r cent. • 
- ’72-2 
■'T 7-3 
■ 10-5 


'and from 75 to 80 parts of such acid are jirocluc.ed for every 100 parts 
of mixed acid tised. , 


Now, in the ordinary c'oursc of factory prac.tice, it is nec’cssary to 
produce jyst as muc:h mixed acid as that which originally jiroducjed the 
sppnt ai'id, i.c., fpr every 75 -80 [larts, say, c.ik spent acid it is necessary 
to revivify or.rcgeneratc' by the addition of nitric'aeid and sulphuric 
ac'.ids such a porfion as yviH yield loci parts of fresh mi>;c‘d ai ul. What 
^joHion exactly that wilj be depends entiiely upon the strength of-the* 
nitric aficl ancl sulphuric acids Avaihdile fbr revivification. The nitric 
>ac,id Tuay contain from*90 to 94 per cent, of HNO, apd «th(? sulphurir 
acid from, ^y, 93 per cent, up tp 104 [ler cent, of H. 50 ^ (if 20 per cent, 
oleum is supplied). 

« izier. 
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Let it be assumed, for exam^fe, that, the factory has jtlte following 
acids in stock • * 


. ..... w — '»■' .. 

r 

-• $ 1 

* • • 

(iC spent ^ 

1 

t 

Sulplmrit^at^d. 

• 

Hitrir acid. 

f 


’ Per cent. 

P6r ceitt. 

Ter cent. 

r-)„SO. - 

, •72‘2 

• 

• 

00 

• 

• 


-HNU,*. 

e >7'3. • 


• . 93 

«. \ 


' • • V- , 

• 7 

• U- 


aiiti'tlial K i^ necossar}' teV prt.)diu'(f >oo tons of gii^icottoii mixed ai;fid of 
llie following composition ;— .• , * } • 

, ' ■ l»er cent 

ILSO, . *70 

UNO, - - - 21 

ILP - - . - - - - - «. 9 

'I'licn, llie Ivrsl point to be clearly recognised is that the acids available 
'for maiving up tiie delii'iencies of s{)ent acid arii'sulpluiric acid of 98 per 
cent, and nitric acid* of 93 .ner cent, strengths. Assuming further^that 
no spent acid fvere available,*and that it werd necessary to make’up. 
the mixed a('id direct^Vrom sulphurjc and nitric acids, then 70 pVts of 

HSO, H'quirc ^ of^gS^per cent, sulphuric acid; and 

* ’ ^ t * f * ^ t. 

21 p.'irts of HNO, require "a - —22‘6 parts of 93 per cent, nitric 

, 93 , , ■ ' • 

;ickl, Ieavingi5*9 |)arts of “ free ” water. ^ ^ 

'The,,obji'cl in vie^v, however, [S not to draw entirely on frfsli 
sidphuric. a^ul nitric a(,;ids, but to use u,[) as much spent acid as is 
conveniently po^kible. f'he composition of the’ latter \j,hicK it is 
desired to utilise?, is apiaoximately as follows - 

Per cent. 


HSOy -. 7^-2 

HNO,. - 17-3 

II,O - - - -.TO'5 


100-0 

and in order fo make uj), a mixed acid of this com[)osition from* 
,sid]jhuric acid of c)8 per c'enl. strength and nitric acid of 93 per cent. 

strength, 72 2 [)arts of require ^ ~ parts^ of 

sulphutic acid, and 17'3 parts of HNO, require ~ 18 '0 

oarts of 93 per cent, nitric add, leaving 7*7 parts of “ free ’’ water. 

It will ))e seen, then, that if the available sulphuric;and. nitric acids 
vere,wholly used'to make up the Tmal mixture required, it would be 
iccessary to add 5*9 parts of,water for,every 190 parts of,mix^d acid, 
required; whereas, if the same acids were used to make, up the spent 
acid,-7'7 parts‘of wpter would need to be added to give tjre desired 
cortiposition. That is to say, if the spent acid be used for making fresh 
mivpfl nriil it .amounts to ihe same thintif as usinsT sulohuric anil IlitriC' 
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v« . 

acids of thS strengths a'^aMable^except that water being added at 
tke same time? and the amount of speftt*ac\fl \'^hic;h gan be utilised for 
mixing purposes is limited by'tlje amount of \\;ater which can bd added 
40 the mixed acid. Obvioush* if tlic spen^ acid con4.ains 7‘7 parts of 
“free” water, and it is d^sired'^lmt the final Ti^'ciierafed mixed acid 
• shoved cofltain 5"9 parts of “ free ” water, tlufli thp lAaxinunn quantity' 
of spent acid w,fiic 4 i tian Ite utilised fur cV»ry loo parte of mixed acid is- - 

* iS 'Q >• »* f ^ ? 

/ - 76:6 parts.. 

7 7 _ ,• 

• *1 he finpl step is to detcfiuine ampunts wf sulpliufic nnd n'kric 

acids which’^arc to‘be added todlie spent acid, and thi;# jiart of the 
determinatioi\ is made as follows: ’ ^ , * 

! < Cait'. yf i).S ut-r I i, , «•* I ,, 7 * 

.ll'lt] 


!• (iMU. iiiUi( ai'ui 


water. » 

• • 


From Ac ahovc it will Ik' that 
too parts of mixed acid require 
Kropi the iipeiit arid are de.rived ; - 
76 O parts’al 73 7 jier rent, of ijS 
]!(,▼ cent, suliilivirir arid 
7G (> parts at |H (> per criA. of pj 
. 3'iir cent, nitric arid - - 

76 ■ fijiarts at 7 ■ 7 per rent, of “ life*” 
water - - , - 

It is therefore neress.arj' to add 



'I'o stun u[), therefore, tiie re(]tiired composTtion for 100 parts of G 
fresh mixed acid will be obtainecl by iiii.xing ttie folto\%ing:— 

(it strong spt'iit at'id - . - - yOdi*parts. 

Sulphuric acid (98 percent.) - - • * 

• Nitric acid (9.3 per cent.) - . . 8- ]. 


The conclusion inav be verilied as fallows :-yr- •* 



MjSO* 

_# 

j • 

1 'h'** 

7(1 b parts of (.it' strong spent acid 


, 


of rompositioB :■ - « 




72 ■ j per cent. 1 

HNOs 17 3 per rent. >contain j 

5 .S '3 


!8'o 

I bp U.1'5 per cent. J 

V * l’4*ts of sulpliurir acid of com¬ 


• 

• 

position ;— ^ 


• 


lbSO, y 8 T,p,r cent. | 

, 11^0 2 0 per cent. 4 

« 14 8 

— • 

• 

c'" j 

m 

8'3 parts of nitric ac^d of yomposi- 
tion* 

t 

^ ft 


m^O;,93operccnt.1 

HjO 7 • per cent. J 




« •» 

• 

» 

70 ' I 

31^0 

8-9 
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Meihod of cUculating Giufcotton Aoi 4 Mhitirdli; Case 2.—fTfie form of 
ralculation given .aliov^ ii^urtid's that stocks of sulphufic and nitric 
acids are kept apart, an 4 that thfy can, 156 separately brought to the 
mixing faults. Ii* .many factories, however, it is lound to be a more* 
(•onvenient pnii.-tice to ^leii4 strolig'nitric adid^w'ith sulphuric acid to 
f«/rm wliat is/r afletj. a n vwijying acid or^ regenerating mature,, see • 
page ?(), for a rnixti'ire of the Pvv'o acids is moVe ^safely ^.ored in large 
yesselPthan is iiitric'aci(l,?yone._ IriVlns c<i^ tlif' n^i^'essaryca*|crjlations 
take a. slightly different'fpnii, for the regenerative, mixfure ,is 'so made 
tlud.' it contarns a smaller* pi cyatioa of suljihuric acid tjian is actuary 
necessary tc^ effect the revivificatioy of the sp'e».t acid,^teavirjg the 
exact adjustment to be subseipfoitly'made by adding sul^nuric,acid. 

' As'an example,, the foregoing^case,may be given, when? in order/to^ 
effect revivification it was.necessary to aifd to each yb'f) parts of spent 
acid'15' I pf sulphuric'acid and S j of nitric aeid. It \feuld have been 
equally tflliodcions if 20-4 parts of a regenerative mixture containing 
12 ‘I pnrts of q8 ])er cent, sulphuric acid and 1 ^ 2 pnrts of 93 per cent, 
nitric acid liad been iulded fpmi one storage vessel, and threeyarts of 
98 j)er cent, sulpliuric acid frofn another. 

Now, in ordinary factory jrraltice it is,not possible to cTisure 
regenerative mixtures oy sulphuric acid of exactly constant con\posi- 
tion, but this rcpre.<,evts no complicatioti/for it is oidy necesspry to 
reduci' tliy regt-nerative m'xturt! to terms of acuN available, and the 
crdcufation then follows the s;?mc,lines as in Case No. i. h'or instance, 
supposing tilt- acids' available are CC s|)ent acid of tlie.composition 
given alx)Vf, 98 per ceii't. sulidiuric acid, and a regenerative mixture, 
and it is int('nde|l to u&'',the sulpliuric acid for finql adjustment ; then, 
for pur[)oses of.yalculation the regemerative mixtur(; is rcducrxl ti terms 
of a rnijiture of qHjjer cent, sulphuric at id and nitric acid, the strength 
of th’e latter being cidermined by calculation thus 

A regene-ra,!ive mixture gave on analysis :— 

Per cent. 

58-1 

37'9 

4-0 

. loow 

and tliC sulphuric acirl:— 

Per cent. 

Il,SO, ' - '.98-0 

H,0 - - - . - - , ; i-o" 

Soo'o' 

u u it is assumed lliat the H^SO^ content of the regenerative mixture 
exists in the form of 98 pei ceut. acid, then the strength of tlig nitric 
acid must be :— 


h.s6: •’ - 

H>JO, 

H.O 



ACII> CYCLES AND ACID BALANCERS. 

- • • 


• *.• 




• Regenerative mixture - - - - *>7*9 • 4 0 

The HjjSOj as 98 per ixiit. y- tl ^ V^*. * 58 .1 ^ ’ * 1* 2 * 

nitric acid *37 ') * 2 \M 

- ■ *_L ** 

•• 

VOX ](jLk • 

. ■ --- ^or j)cr»*enlf 

• 7 ■ ‘ * 

^ • 7 T " ’ ‘ - ^ ^ 

, * Thus,nhe regenerative mixiure ronUiiiis ^8 ])t4r«.'ent. sulirtuiiic aetd 
and 98 per cciU. nitric acid inixcxl in the prw|torlion of; . , 

Siilphurir acid - - - - , - 59-3 putts* 

• Nitric acid - - - - _ 40‘7 * „ • 


59*3 ya’^ts. 

40-7 .. , 


i» ,Tfie necessc'irv hajis for calculation Js*no\v [)rovitled, for it is clear 
thlitjto make up fresh mixed acid the followinj^acids arc availahh;:— 


intent acul. 


N»lrii luicl. .SuliiliuiM acid. 


HaSO.^ - 
UNO., s 
IIsO - 


r 

i’or cor . • I’er^rent. 


Per cent. 

y8 . 


•• 

riic. calculation then takes the same form as imCase. i»(])age 29), 
thus^ 


. • 

qKi.prMiil niiKTcciil, . • 

sulplainc i^cid. nillit laid. 

- - J. •’ __ 


i<x> parts of mixed acid require 
From the spent acid are derived : — 

76’6 jiarts at 73 7 pei cent, of q8 per 
cent, sulplsprie a<-id - - - - 

jCi'Ci parts at 18 (> Jler rent, of qj per 
cent, nitric acid .... 
76 ■ f) parts at 7 ■ 7 per ccntir of free water 
• • 

»It is yierefore netessary to add - - - 

20 4 parts of regenerative mixture con¬ 
tain • 

• 59'3 cent, of 98 per cent, sulphuric 
aijid •- - 

40'7 per eeqt. of 93 p«y cent, nitric acid 

• 

Balance of 98 per cent, sulpliuric ^icid to 
be added. • 


7 * 5 • 
. 5 (-q ‘ 


‘ fh 
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THEORY AND PRACTICE OF ACID MIXING. 

The require/] •Composition for *the laq ^larts of fresli, niixed acids 
will thercfon* he, obtained by rHixing tfie following;— t 

- GC speijt'acid - 'r- - 76-6 parts. 

Regenerative mfxtiyre - - * • - - *20'4 „ 

•■Sulphuric acnl »^98 per ctKit.),- c - 3'0 „ 


• ipo'O v „ 

, It'should he noted th?,\*in cases where tl'e sulphuric acid available 
for reg.aieration is in the •'orm of oleum, then the acids 'hivo’ved should 
be reduced' to terms of oleunp Tire following caiculatjon relating to 
the revivifu:atjpn of spent acid from the manufaefure of nSfrocel.liilose 
illustrates tips, and forms an example of tlie manner in'which such 
records &I10UId apppat in Uie Mixing Book. ,, 


AcM.Mix No . 



Nitrocellulose. 

0 

Aritis available. 

- AcifI rcquirril. 

Siieiil acid. i 

Oleum. 

Nitnr aciil. 

t*er cent. 

■IhSOi - - - - 6t() 

HNQj 22-4 

rtsO- - - - - iho 

I’el cent. 

61 'O ' 

18-7 , 

20 ■ 3 

Per cent. 

85 M (SO,) 

1 

per ccr.-l:. 

7 -^ 


A. . B. 


61 • 6 H,SO, X 81 ■ f)3 (SO, iri 1 T.SO,) 
85 ‘5 (SO, in oleum) 

= 59 parts'of oleuih. 

22 4 X TOO |)arls,of 93 per 

cent nitric acid. 

>''ree water (dilTerence) ■- ih'q 


parts. 


hi X 81 63 parts of oleum. 

85-3 

18 7 X Joo ^ 20 -1 ])arts of 93 per 
‘13 

cent, nitric acid. 

Free water (dilTerence) = 2I'5 
parts. 


i6‘9 X 100 
21-5“ 


= ^£'6 parts v)f spent acid can he taken for each 100 


of fresh mixed add requhe^. 


From tilt above it will be seciii tli.at 
too parts of iiii.xeiJ acid require - 
From the spent :irid are derived : - 
, tyS'f) parts ^it 58’.j per cent, of 
‘ oleum (85 • 3 per t ent. S( )n) 

•yS'C parts at 20" I per cent, of 43 
per cent, nitric acid - 
78"6 parts at 5i'5 per cent, of 
“ ti-ee ” water - - 


Pari-; of oleum 
(M-j ^ jM'i rent. 

■ ■scy. 

Pat Is of g j JKT 
(put nilrii'mid. 

_ 

1 'aj Is 1 “ free ’’ 
w.'itrr 

51'O 

24-1 

t 6 -) 

t. 5'9 

• 

— 

— 

t-n 

00 

-• 

-- 

— 

i6‘5 

13-1 ' • 

8-3 



It is tliereforc nccessarj- to add 







DESTINATION OF’NITROGEN IN NITJIOJCOVtON MANUFACTURE. 

-j-- 1 -,------ 

Month ended •27«'Api il 1918-. 
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ACin CYCLES AND ACID BALANCES. 

To sum up, therefore, required cdniposilion f*r lOO parts of 
NC fresh rnixeH acid will be obtained bVlijisan^ the hdlowing • 

• NC spent,,ar,id •-*,*- *- <- 

Oleum (85-3 i)er cfnt. 

IS^itric acid/93 pe»«mt.)» - - 8-3 „ 

TOO‘0 


ClMifts giving the ultimate deslination of niftrogi'ii in the pro(li»< hoi? 
of nkroclvcerine and nilrocMlulosii tun- ^loij^n sesiM-ctivckv «n lMg*s. 8 
and q and'9l cornliinetl acids biilance for nitroglyeerinjj and nitro¬ 
cellulose-. acids in tlie manufacture of R.n.T 3 . cordite is reprocfuced in 
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section' 2 . 

• If, * 

THE PQ^ON' OF Tip ACID BOXINO *PEANT, IK TpS ACCDB* 
CYCLE. AND Tlf^l'FRQCEDildB AOOPBmfVi fiHXINq.* 

, ** * • ' • 

,• Gener?»l.T-This section records,some of >tlic work done and t'he r(;sults 

and methods arrived at on tile 'i'NT* acid mixing*|nlant*at H.M. Factory, 

Queen’s Ferry, and it is lioped*tliat iTie subject-matter may prove useful 

•to cherriists'and others who may be responsibh; for any pdrt of {lie work - 

in connection wifli acid mi-xing. d.lie subject has beeA treated’’ i? 

'considerable detail, the‘object throughout'being to render the actual 

practice^of .'rcid mixing as explicit as jiossiblc. 

The positioa of the TNT Acid Muang Plant in ti(e Acids Cycle.— ' I'lie work 
of the TNT acid mixing plant must first of all be consitlered in relation 
to the TNT acids cycle, a specimen of vvhii’.h is reproduced in l'')g','il., 
The function of the n/ixing plant in the acids c irculation is tw^jfold, 
viz.:— t * 

(a) 'Fo, keep tlip iritration plant 'si^fiplied with mixed aeWs of 

defir»ite comj)osltion’. • * • 

(b) To utilise the avdilajile acids in the most ccononiical way. 
Fjoni the acijl cycl» it'is clear lha'. tlu^ following acids are available for 
mixing purposes:- 

(a) Sulphuric AcAln. ' ' 

(i) Olcun/from Grillo [clant (105 per c-ent. H.SO,). 

'{2]| Sulphuric acid from Grillo plant (fjS'O per cent. H.SO,). 

. (3) Sulphuric acid from Gail lard concentrators (90 jier cent. H.SO,). 
(4) TNT s|'.ent acid (qi jicr cent. FTSO.,). 

Spent acid is»not shc>wn on the llow-shc'ct as being available for 
mixitig, but a spent'iK'id line ‘to the mixers exists, and spent acid is 

available for do,ning when absolutely nc’ccssary. 

» 

(b) NiLric Acids. 

(1) Retort strong nitric acid of 86 per cent. HjNO|av«rage slrengtli. 
This is composed of two separate acids, viz., the bulk of nitric acid of 
88per cent. strength collectcHl from the retorts, and a much smaller 
(juantily consisting of- 50-55 jier cent, nitric acid from the absorption 
towers. , ’ . *. , 

■**. (2) Denitrator weak nitric acid of 50 jicr cent. aveTpga strength. 

' ■ ‘ . 

^ the signifitance of the Aqds Balance to the ]l|ixW, Plant.—The acids 
balance represents for the mixing plant an ideal to which^ifis expected 
to apjiroximatfe atf closely as possible. It is founded, of course, on past ■ 



M. Factory* QuEEtj's 

ACIlf BALANCE Fon IQO TON8»ThT. 
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practice anS Will in general.hold for future working. ,^The person in 
control of the^ acid mixing will find variations absolutely necessary 
froni.tim§ to time, however, ahd these.,willi'be due chiefly^to^- ’ 

7 (a) Improvements or changes in the efficiency of plant working, 

particularly as regards the .^jtrit.' acid plants. ’ * ’ ’ 

(b) Vfclriations tliroUgh one cause or AitoUicri in t^ie amount b,f 

water taken’inf’at Ihetf^toTts or denitralors, as shown in the strengths 
of the nkric ac'd prodwied.^ , ' f > ^ 

(c) .Accidents ininixing; e.^.,asu(Wen ificqease in tli<' dduticip of 

blend through water from ‘a leaking coil tjntering the, npxed acitl 
undetected. ’ ’ ’ 

(d) _,Accidental occurrences al olhe? plants involved*'*in the acids 
cycle. For iftstanca:', .during the temporary cad iinavoidMile^closiu}^ 
doWn of th*e denitration [)lant for a day‘or two, tJfe storage’room for 
spent avoids maji become comi)letply filled up, aiid to keej/the .acid cycle' 
working it would then be necessary to mix spent acid with olelim’as a 
tempoaary expedient. Vl'his would naturally increase IIk* ailuaunt of, 
water in the cycle, wdiicfi must later be rmmwed by raising the (Concen¬ 
tration figure at the Gaillard concentrators.' 

Classes of Acids to be used.— It is necessary lal the outset for the 
mixing plant to distinguish betwaam tlirc'e diStinct classes of acidji, 
viz. : — ‘ . ■ 

(r.) Acids which must be mixed off immediately. - To this classbfjhing 
all varieties of nitric/ acid. Wliatever t 1 eir strength may be, 'they must 
be introcfuced into the acids circulatioii. The sole ex('eptions have 
been in ■‘■the few isolated cases when absorber (.a denitra-tof nitric acid 
has been run off at a s[)ecilic gravity below the difficulty of 

comiiepsating for tli-is excess of water, and the danger to the mixer 
cooling coil's which is inv(.ilved, have prticluded the us.? of suoli acid. 
Such cast's, however, are very exceptional. ' 

,(b) Acids to be used only under exceptional circumstances.i-These. 

include— - • 

(i) Spent acid,* the use of whicli must always interfere with thc’ 
acids balance. Before proceeding any furtheI^ the at^tual effect of this 
will be considered. ’ ^ ’ ’ ’ 

Spent acid of 71 per cent, would, after denitrption and concentrktion 
*in the ordinary course, of eve.nts, be issued kom the Ga'dlards at about 
gi per cent. If the elTect of using 1 ton t)f spent acid be considered, 
this contains-»- j 

ILSO, ------ 0-71 ton 

Hp.- - O'29 V 


I ■ 00 


The am^ouht of IljO in unioiinvith 0-71 ton of 11,864 per 


c6nt. acid is— 


0-71 ■>C‘Q , , 

- = 0'07 ton. 

91 ' 


t -< 


• T^ese remarks do not, of (yur.-te, apply to processes in wliicli the use of revivified 
spent acid forms part of the original nitration scheme. 
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. 't 

Excess /if water in the systerq dnctcf the use of i ton of spent 
acid “ O'22 ton., ' < / < 

Oh the basis of a productiom of 6d& ttins of TNT per^week, the 
Gail lard towers ^xniccntrate about 2,90(1 tons of' 91 per cent, acid per 
week. ’ ' ' ^ 

,• Now, rais'Dg'tKe cob cent rat ion figure at'thc'Gaillard'towe/s by 
O'I percent, is (equivalent to (driving out 2 * 9 't('ns of Water, and from 
tlie" above it is se(Mi that Vie use of i tdii (,>f spe.it ^cid m^cessitates the 
removal of O' 22 tons of extra water at tlie (laillard towers., ' 1 

/ .'. Tlie auiouut of, spent acid ojjUivalent to an extra concen'eratipn 
* * * ^2*1/ 

of O'I per c(?.it. at the (iaillard, tovverr, for (ine week = ~ tons, 

O 2 2 A 

;and this, figure mu'st lie noted in order to pu'snve a correct acid' 
balance. ' ' ' ' 

,(2), Weak nitric acid'from the denitrators and abiorbers for TNT 
mixed apid. 

■ From the abstract point of view of the _acids cycle, it d«.es not 
make any difference whethf'' the weak nitric acid is mixed off as MN'l' 
or TNT mixed acid. It is niaiiifestly imiiossiblc,. Iiowever, t,o Kitroduce 
any large quantity of .weak nitric acid into a TN’l'inix('d acid, of as 
low a dilution as 2'7'iH'r cent. Foi tins Kiason, it is not possibie to 
stop or materially to rcjlncc the rate (d 'making MN’l' mixed aiiid at 
•any time unless adequate storage accommodation for weak nitric acid 
is jirovided. , 

The objections to using' a limited amount of weak nitric acid 
(5b per cent.) for TN Tmixa'd acid arc the large amount of,oleum which 
would be^reqiiired to take up the wajci (this would (listiirb the balance 
of oleum, and qHyb per cent. siil|)huric acid at the firiHo plant) and the 
much heavier L'prdeii which would be ihrowu on tiu' coolLng cajiacity 
of the m'xiiig plant. 

(c)i dciVi-s lo he lined ((S' myit/ia’d.-—'I'his class inchuk'S the varieties 
/'ll '.mlphuric acid, oleum, 98-6 p(n cent. sul|)luiric acid from the 

.Glillo |ilaut, arid c()iiceutrat(xl acid from llic (iaillard towers. 

The standard sul|)hnric acid in use is the Grillo98 '(j per cent, acid, 
Gaill'ird tow(‘:' acfd being used to dilum the Grillo acid when a weaker 
acid is necdexl, and oleum being u.sed when the icxaTse is tlu- case. 

MNT mixei rc(]uir('- a sligldJy weaker class of acid than 98 '0 per¬ 
cent., and the .acids utilised should thcn'fore consist chielly of Grillo 
and (-iaillard suliihuric acids. The utilisation of oleum and weak 
sidphuric acid in the same ble.nd is grmerally a ( (kifessiuii of failui'' or 
accident in mixing. 

TNT mixes require an acid of greater stnmgth than 98T) per cent., 
and in this case a mixture (,f oleum and Grillo (j8't) jrer ceni;-i>cid is 
,^sed. Weqk suljrhu'ric acid from the Gaillard io.werr sjiould not be 
used as a rule, except in small quantities for doping purpose's. 

, Oleum aaii Grillo 98'6 per cent. Sulphuric Acid, in pi^ti<m.---Th(’ 

statement in the last [raragraph re(]nires a, .slight niodification. 
Acc(vding to tlie 'a(;ids balance, oleum and Grillo qS'fi per cenk acid 
are forthcoming in the exact quantities. r(i(]uired for mixing purposes. 
In practice, how(iver, it is most satisfactory to produce the' oleum 
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slightly in eacess, whilst l«;epii}g the'total SO, procluc-ed at the Grillo 
pl^t true to the requirements ctf the .cyelo. il'liis cx'hess of oleum 
accumulates ant) must be worHxl olT periodi ^Tlly. Tliis is accomplished 
by deliberately mixing off oleum With Gaillard weak acid, in connection 
With either (a) the mixing cf thc.ThJT mixed acid, or (h) feed add for 
the nitric acid retorts, olcdm being used iirili'acl ,of q8*6 per cent' 
aulphClric acid t'j s1je}igMien.rthe Gaillard jveak sulpiuiric ifeid. 

■w ^ » * 

THie Mijed Acids.rfA(% “already pointecl fiut',iv Section i, these Tire as 

follows * * ' ' ^ 


•<» 

, _ 1 

■.- v~. -ii - 

^ , T\1 mixed ii< id. I MN'I^^nuxcd acid. 

• ’ 

•* • 

HjSO, - ^ - 

HNO,, - - - . 

HsO - - - - 

0 

, Per (Tilt. 
7y5±o-3 
17-8 -10 3 
- ' 2 ■ 7 t 0 ^ 

.' Per ceht. 

62 ■<) ( o'3 

' aro + o'3 . 

I7'9f5>'3 

• 

, TNT Mixed Acid. 


TNT mixexi acid 
analyses 

in the jiast has been iriiit.ed to the following 

1 

♦ lUSO, 

• 1 

i ' * 

1 * HNO3 

I • 

i • 11,0 

ceijt. 

. ' I 

' Per cent. i 

Perycent. 

’ (i) 7«-4 

17 t) 

4d> . 

(2) 7S.5 

; . ir25 

4 23 

(3) 79 3 

! 17‘« 

2-7 

0 


The first of these rejiresented, during a temporary shortage of*qlcuni, 

a mixt'd acid of the highest dilution jiermissibJe. Tlie chief danger in 

mixing this acid was in the dilution, which, with thf;o‘3,liinit allowed,, 

was on occasion as high as 4‘g per cent. This figure is too high for 

either rapid or coinjilete nitration, to secure which it #is essential that 

H SO . ’ . *' ■ ' * 

the ratio —rhyc' the end of the nitration should be greater than 

• IT * 0 

' ■» 

, ■ This ratio decreases very raiiidly with increase in the dilution of 

9 , . . 

the ^esh niixecJ acid. •*lt is lowest for the greatest dilution, viz., with a 
mixed acid containing 

78’I: ly-o : 4'9. 

Assumyri^T:hat of the 17 0 jier cent, of HNO, 13 0 per cent, is utilised 
and the reriimn,ter is reduced to nitrous acid, then 13 o HNO, is 

replaced by X 13 ‘ o = 3'7 of H, 0 . ’ 

♦ yd « ^ 

Total HjO at er^jd of nitration - (4 9 + 3P7) -- 8'6. Ignoring 

’ • H SO ^ 

the nitrous Acid, the ratio y'* at the end point of ■'nitration is tfiere- 
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fore , which is too Iow,‘' Inli trouble was frequently 

8'6 g’-'.-' , ^ 

experienced in obtaining Vthe .required" setting point* of t^e ni,trated 
product. ' ' 

. The next compositjipn suggested for thj mixed acid wa;?;— 

' . I ' Pen-cent. 

H,SO, ,T 78 - 5 < 7 ±o' 5 . 

UNO, - ; - - -■ - 'i^-^ 5 ±o- 25 , 

,H,0 - - „ - - „ - ^ - 4-25 ±'o-25. ^ 

and the extreme case for ihis acid was an analysis showing H2SO4 
78-0 per cciit., HNO, lys pei cent., Iip 4-5 per cent. Assuming I3’5 

^ of the-'HNO, to bf'utiliscd, this would be replaced by •;< I3‘5 =; 3'9 

pi ^ ' 

of dtp. The ratio ^ at the end point of the reaction is tlierefore 


_78 .9 __ _ 78 o _ 83 6 jg too'low. 

4-5+ 3-9 8-4 9 o 

The last composition used, viz., 79'5 : 17"8 ; 2'7, has as its limiting 
case 79*2; 17'8 : 3‘c, and the ratio II,S04 at the end point-of the 

. H.O ' 


reaction is - 


79 • 


3-0 + 4-0 


79-2 _ ioi'8 ■■ / 
"O ~ 9'o 


The adoption of this mi.vcd acid has rendered possible a very 
rapid attainment of the desired selting-point of 'I'NT, vvillf increased 
steadinftjs in working, as well as ciminution of UNO, losst;s tluough 
reduction of HllOjto HNO, during the nitration process. That which is 
apjiarently bht a slight change in dilution, i.c., from 4-6 jicr cent, to 
2‘7 pe’f cent., has had the following results as regards the acid mixiner 
plant:— 

(a) The .(leveiopmcnt of much more heat during the mixing 

process, on account of the necessity for using oleum as one 
of the, sulphuric acids required. 

(b) In cases w'liere doping with oleum is rendered necessary on 

account of ioo high a dilution, as shown bv the first analyses, 
the oleum dojie necessary to comiicnsate for the water is 
increased in amount by 25 per cent. 

This is evident from the following line of reasoning. The amount 
of oleum required for doping to reduce dilution is directly proportional 
to the excess in dilution, and roughly inversely proiiortional to the 
difference in dilution between the oleum (considered as havisg a nega¬ 
tive dilution) and t!ie mixed acid required. When the required dilution 
is 4',6, the oleum dope (with oleum of io5;o per cent. H,S04, t.c., 
containing 85-7 per cent, of SO,) for a given error in dilution is propor¬ 
tional to , ■ 



PROCEDURE ADOPTED IN MIXING. 

_ • 

» • 


39 


When the dilution rtxqwksd is 2*7, however, thC oleum dope is 
proportional to-r- * * * 'x* 

. ’V. j j 

5-o-f-2-7 7-/- 

In the ^cond case, tlvj of #he iiecessar,y,d<)pe is increased in tliQ 
ftitio *? - *—increase* of 25 per crtk. 

»■** '•** *'k 

A furtliei; redwction *in the specified dikiucui of TNT minced Pcid , 
woyld.ii1ean a still greater oletim do]^« for an ui^ual error cjn the nigh 
side in*<jiluti< 5 h. * 

AINT Mixed Acid. 

This*has been made at.various ti’mes to tcmform to the following 
limits:— 



II,SO, 

i 

UNO,. i 

H, 0 . 


• 

r 


Per cent. 

• 

Per cent. 

Percent. j 


62 '0 

! 

21*0 

170 


f>() ■ 5 

1 

ii '5 

22’() 

(.1) 

f 

f >4 ■ () 

1 

16 0 

i 

20 ’^ 


. ^ » '■ ■ 

The first of tliese lias now been reversed to, )hc second and third 
being anaiyscsiof MNT mixed acids tna'de by revivifyilig TNT.undiluteil' 
spent acid.’" The main (d)jeclions the last two were— ^ 

(ij.The impossiliility of revivifying a sulft^itmtly l*irge amount of 
spent acid, and al tlie same time using ui'.»the necessary 
amount of weak nitric acid rccovered.at the dcnitrat»rs. 

(:j) The danger througli corrosion to the mixing and blt)ruling 
plants of overs1e])ping the dilution diijing thf process^of • 
mixing. Some corrosion c'ertainly did take place whenev(*r 
the dilution reached 22 per cent., aiid the wear and tear on 
the cooling coils was much increased, f • • • 

, The important point in determining a suitable amiposition for 
, MNT mixed acid is the dilution of the spenhacid at the completion of 
•the nitrcTtion jirocess. Tht^ latter should yield a .spent acid suitable for 
denitration. Tliis should be as near as is sah, to yo j)er cent., say 
71 flhr cent., in order to avoid the waste of steam which would be 
required to dilute to the 70 per cent, strength which is necessary for 
denitratiorj to take place. * 

* T^ing the'analysis bLSO^ 62’opci cent., HNO, 21'O per cent., ^ 
HjO 17’o per'ccnt., and assuming th.^t all the HNO, is utilfeed ^n the* 

* • Th% quantity of jlilutijm water added al various stages of‘the trinitration 
process was fdf a.iime dnninislicd in order to jiroducc a sptnt acid of higher 

» content, which might be. revivified for use as a mixed acid foj tl#; rntrnonitration 
stage. This procedure, altliougli tlie custom in several other friff'tories, was afteiWards 
abandone^i at Queen’s Ferry. (Sei; Nit. 2 of tins Serjes.l 
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nitration process, then 2i^‘o of HNOjvis fe^aced by X 2i'o = 6’0 of 

i i h /<■ ^ 

H, 0 , and ihc ratio yielding a spent acid 

lip i7-o-|;6-() 23-0' " 

( ontaining 73 per cent, -o^ HjSO^, wlSch fef)resents the limit of safety 
for storage in steel tanks and delivery liroagli .waought-irori pipe 
lines. 


The Calculation of Mixes. 


The place of a Sulphuric Acid Dopfe in mixing.—The diincidty of obtain¬ 
ing a blend of correct analysis wiiTiout doping, when -working with 
acids the (om[)osi('on of wliich is not known to within O'l or 0‘2 per 
cent., IS indicated by tlii; foil )wing facts ;— 

(of The limit of rb o 3 per cent, allowed in the composition of the 
"mixed acid demands accuracy in running in charges of 
sulj)iinric acid to within i inch. 

(b) The strength of im h variety of sulphuric acid used must be 

known to williiu 0‘4per cent., assuming no error daring 
the running in of the acid. 

(c) 'J'he strength of the nitric'acid must be known to within i'5 

per cent. * 

' ■ (d) Tlie ndric acid run in for every charge must be ccrect to 

I inch. r 

With a mixing jdant working slowly, with [ricked workers and 
fhorough niivdysis of the acids used, it would bc'a compara^.'vcly,easy 
mattertc.mix correctly the first tiipe, but wdien a [riant is working to 
its utmost capacity it is.not [rossible to secure the necessary accuracy, 
[rarticularly ii.^the case of tlie nitric acid, wdiich is nu'asurod in the lead 
receivers at the retort .luruses. k'nithermore, each acid analysis will 
re|rrcscnt a large bulk of acid nrrt always (rr necessarily of unihrrm 

strv.'agth. 

Assuming, tlien, that a dope will usually be necessary, it [rays to 
choose the do[re which is simph'st or quickest in the making, and, if 
pcrssiible, the one wdkirji is least liable trr ernrr. A sulphuric acid dope 
fulfils these rondilions. It avoids the necessity of making a mix 
containing nitric acid, and Inrth strength and cpiantities are more 
readily determined in the case of sui[)huric acid than in the case of 
nitric acid. 

In conclusion, it is clear that the errors*' mentioned abtrve as 
[rcrmissible in a mix can be multiplied by “ h ” in a dope, where— 

blend 
n- , 

, do[rc 

so that evcii if it yvere possible to mix correctly for tlie fisst analysis, there 
is an advantage in drrping, in that tlie limits allowed hrr deviation c-an 
thereby be narrrrwed. 

.\s regards Oueeil’s b'erry practice, more conrect results have been 
obtained by means of a dope consisting entirely of sulphur'c acid and 
sleum than with one made iijr of sulphuric and nitric acids. 
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IWT Mixed Add.^ —Tliei. acicf iJiixihg plant at H.M. Factory, 

Queen’s Perry, comprises seven pMimin^r^ rmxi^g laukS or “mixers,” 
10 feet diametA" X 5 f<^Pt dec'll, and four l^^nding 'iailks or “.blendcfs,” 
2^ feet dilinieter X ic feet* d«'lV 'i'liese arc* described' in/detail in 
Action 3. 


'^NT ftiixed acid is Iiiixcd by the bleiidt ?ach»,bIPnd|Consisting ot 
18 feet 9,*nc'lie!?i and as measdtt'd ,bv “ dij) ” in tlie blgider. 

This, togetjier with ,t-J>e34-iji‘»be? iMnaming»,i|i thi* blender aftR-each' 
pumping, gi^ies a»total (lip of y feet. * ‘ * 

• stated above, blf^i'ds are cAlcutaUid tso tis to re(fni?e oiih^ a 
sulphuric aci(J,dope., ill order, to bring tlie riiixeil acid tfv»tlie ^desired 
comjiosirion, ijf., the UNO, content is c.'dcida'ed'^ou tlie»liigh side. ^ 
T'or%a final analysis erf fi^SO, 79' 5 j HNO, tjaS, 41 X 3 ^‘7, it is cLtstoniary ' 
t8 calculate a blend of, preliminary analysis, about 78*3: i<po: 2‘7, 
whi('h can be dilped with 97'3 jier cent. sul[)hui i(* acid (/.c.,»ol 2’7»per 
cent, dilution). 

TN^ mixed acid is iifade up entirely froin retort strong nitrii* acid, 
oleuni, aiyl cj8‘() per cent. sul[)luiric acid. During the early period of the 
factixT’s wolking, the fetorts produced jlracticalK' thri'e strengths of 
acid,«wz. :— '* 

. (u). Strong nitric acid frilm* the ri'lorts of. approximatf;ly 92 I'er 
, cent, strengtli. » ’ 

(b) Weak nitric'acid from the r torts* ol about 70 per cent. 

strengtli. ^ * 

(c) M^iak.nilnc acid from tlie .-fbsorption towers’of approximately 

65 |)er cent, strength. 

.•\t that tilin', lioAcver, the recovi'iy of nitric acid at die denitrators 
was low, and the 70 per cent- nitric acid from tlie ri/lurts could be 
utilised readily along with the nitric acid fioiii the retort abi^irhers 
and t!*c denitrators for making MNT iiiixi'd acid. I’.nt, :is the rer-o^ry 
at the denitrators rapidly approached its ma.\imum,*it w^isniol posMul^ 
to deal with more weak nitric aiad in tiu' .MNT mixed acid than was 


])roduced at the (k'liitralois and retort absoib(*rs. P'ijt this reasou, and 
also for (■onvenience in other dii('ctions,"all the Tu'id from the reforts 


was run together into the lead r('(eiveis, giving iin average strengdh of 
^iHiout 88 jK'r I'eril. At the same timi', ttie maximum permissible 
•strength of the absorber acid was reduced to 50 per cent., as in the 
case (.)f the dei?ilrator*nitric acid, in order to increase the nitric acid 


recofbrv at the retorts. Since these altt'iatioris, therefore, the TNT 


nii.xcd'acid has been made uji of this 88 jior cent, strong nitric ai'id, 
<j8-() perjiyit. sulphuric acid, and oleum. The irfethod of calculating 
* niAes te to deterliiine - 


9 ** * * ' 

(a) The sfrength /if the suliihuric acid which •must be wixed 
with th('strong nit ric acid available to yield TNT mixed 
* ^-acid of the’rccpiired compositifni. , * 

lb) The rerpiisite* amounts of oleum and ()8-6 par oent.'sulpliiiric 
• acid to give sulphuric .acid of, this stri'ii^th. 
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The actual calj,;ulation, then, is as follow,^Ji—* 

Each blend has a dijk of -8 feet 9 inches in the blender, whiclv, is 
equivalent to 140‘4 tons of IfNT mixed acid. ' 

i^O'4 .tons of acid of (composition HjSO* 78“3 per celnt., HNQj 
ig'O per cent., and HjO 2*7 per"cent.^.Iequifc:— 

,, 1^0 4 X’6-783 = 109-93 ton’s ( 3 f HjSO^. 

140-4 X o-iqe = 26-67 tons'of HMOj’. " ' ' 

Amount of strong n.trie acid (88 per cerii.) ^-^cquired tp'give the 
necessary, HNO, content^ --30’31 tons. 

' .1 OO' „ af ^ 

Weight!** of sulphuric, acid to be mixed with the-strong nitric 
acid = I40''4 — 30:31 110-09 tons, and the strei\gth of the iulphuriq 

acid which must be used for this purpose wifi therefore be 

i I-O -09 

= 99-86 per cent. 

Per cent. Pe' cent. 

Assuming oleum avaiiuble at - 105-001 Difference — 5-14 

Required—suliduiric acid at - - 99-86| ■> u. 

Assuming sulphuric acid available at 98-60/ ” “ ^ 

I " *■ 

Total difference = 6-40 


.-. Amount of oleum inquired ~ ^ 21*68 tons, and 

fne amount of 98-6 per cent, sulpliuric acid required = iio-oy — 21-68 
— 88-4ldons. , , 

In order t(' increase the mixing capacity of the i)lant and to 
decn^ase the (i.Mty of the i)reliminary mixers, a portion of the Clrillo 
98-6 pe r cent, suiphuric acid is run direct into the blenders. For each 
blend! live mixes are made in the preliminary mixers, each as 
fohOws :— , 

(1) A minimum charge of Grillo 98*6 per cent, sulphuric acid is 

first rim in, 34^ indies, this being the level of the toji of 
the mixivig cylinder, sec page 66. Under no circumstances 
whatever is nitric acid added to a sulphuric acid charge of 
less than 34! inches. 

(2) One-lifth of the required charge of strong nitric acid is added 

to the sulphuric acid charge. 

(3) After the contents of the mixer have been properly mixedand 

cooled, a portion is pumiied .away in two operations 
sufficient to allow room for the addition of one-fiftli of the 
oleum required for the blend. • , 

Xhus,“as 34i inches of Grillo p8-6 per (T.nt. sulphuViciicid represent 
ii->7 tons, e^cli mix consists of : - ' .. 

11-17 tons of Grillo, g8-6 per cciit. sulphuric'acid. 

6-06 tons of 88 per cent, nitric acid. ‘ 

4-34 tons (if oleum. 
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The oleam and strong ijitric aci*d'’are'.thus wholly accounted for, 
but* of the Grille 98‘6 per cent.'sulphuric sicid the aihount in the 
mixes is ii’iy X 5= 55‘85 ^'(sns. The aiVA^unl IcJ iJte added to the 
blunder, thferefore, is 88-41 — 55" 85 =32-56 tons, or 2 f^t H inches 
by dip in the blender. This* is added l«st, when* the'hve mixes*liave 
been ^umpsd over to the blende?, 98-6 per re»it. s^rplluri(■ acid bcin^' 
»un direct into >the bleadeiino bring the,total dipVii) to feet. The' 
rise in temperatAe in the., blender» dpe to tlil^ addition is about^’ G., 
which is,ineonsidsrab'ie. ‘ * . •' , 

The-distinctive features of this method of nnxing are :— 

'(a) Tlift’ihigh H|^X)3 content orthe pieliifiinary blend. 

(6) _ The addition of the GVillo c^-6 per cent, sul-phuric acid 
diiect to the blender. , > 

' (c) The addition of oleum ,to tjie preliiAinar** mix of 98-6 per 

* cenp sulphuric acid and strimg nittic; acid. 

The alternatives to the last-mentioned jiroccdure are eilhe:* to make 
a preliminarj' mix of 98-% per cent, sulphuric acid and oleunl, id which 
the strong nitric acid is added, or to make sj^.cial mixes of oleum and 
stron-g^nitric acid. The objection to a preliminary mix of oleum and 
98-6'per cent, sulphuric acid is that considerable local lieat would 
develop at the surface of -contact of Vhe two acids: This would jjersist 
until die mixing level of 34'-i- Miches was attained, and would cause’ 
considerable damage to the, 'lead cooling coils. * The objections as-, 
regards making mixes of oleum and streug ni,tric^acid arc ;— , 

(t) The corrosive elTect of hot (deum on the lead cooling coils. 

^(2) Hie difhculty of keejiing the temperature low v\iieii a largtt 
bulk of oleum is diluted^ as it would be if an)' strcuig nitric 
were added directly. . ■ ^ 

It IS a much simpler matter to l ontrol the tempera,ture when the 
oleum is added gradually to the otherwise completed mix. 


Correction of the Mix for Dilution Etrors. 

I'lie calculated quantities only hold provided the strengths of the 
acids remain as postulated. In practice, it is^ si'djci'<*nt to modifv the 
mixes according to the varying dilution of successive blends. ‘The 
dilution may do one of two things :— » » 

(1) It may vary round about 2-7 ])er cent., in which case, provided 

the., variation is not abnormal, th(‘" jiroblem of doping is 
quite simiile. 

(2) It may remain fairly steady at a dilution above or below 2-7 

])er c'ent. A simple t;ak:ulation gives a quick method of 
dealing with such cases. All that lias to be done is to 
rejilace a certain amount of oleum in the mixes with 98-6- 
per c'ent. sulphuric acid, cr vice t>ersa. ■ \ 

Thys, o-i per cen,t. in the dilution of a blend of *140-4 teths is 
equivalent to .i40-'4 x o-ooi ton of water'= 0-11104 ton. " 

Difference in strength of oleum,rand Grillo snlplrtirk abid isi05-o 
— 98-6 = <5-4 per c(>nt. 



44 


THEORY Al^D PRACTICE*'OF ACID MIXJNG. 


Now, the extra water 'introduced by replacing i ton ,of oleum by 
I ton of Grillp sulpliuric acid is 0*064 and o*l per cent, in dilution 
is equivalent to,0*1464 tfeisKp. / 

A'dilution erro,f of 0*1 per cent, is countesa&ted by the addition 

or subtraction 01 ^ = 2 *2'tons pi oleiftn. 

0*064^, / . 

' .*. I'or cVery o*l per cent, -of dilution i/i e^xCeSiS of 2*7 per' cent., an 

additional 2*2 tons of oltaim must, 1>: added,+o'subsecjuenfWends, and 
for every 0*1 per ’ccnti"of dilution bcfotv 2'7'per, cent. *014di blend 
requires 2*2 Ions less of oleum. • • ‘ . 

' The'ndc.essary cOmptnswlion to be made in the 'amount of'Gfillo, 
suljdiqric as-:id is made when .the i.'itler i» added to the mixes in the 
blender wb.en the iinal dip is being made up 10,9 feet. ' 

MNir Mixed ALdd.—The pteparalien of MN'l' mixed acid is governed 
by the following facts:— ' • 

(1) MNT and TNT mixed acids must respei’tively he produced in 

the proportions rc(]uircd for the two stages of the nitration 
process, viz., iiA^mo- and trinitration. 

(2) The whole of tlie weak nitric acid (50, per cent.) ,prt)diifyd at 

the dcnitrqtors and n^tort absorption towers must be. incor¬ 
porated at oru-,e in MNl mixed acid {see page 35). 

It is important to avoid the oppo.dtc dangers of over-and.-under- 
productiofi. Qf these, the first is the greater and the more difficult to 
control if production gets,,out of hand. It h;is proved most desirable 
in routine practice to underqiroduce MNT mixed acid. 

* ;\t the Want'elliciencies ohlaiciing at the l)cgiiinin,g of. the year 

1917, for every 100 tons of TNT produced, 31*1 tons of UNO, are 
required lor the necessary MNT mixed acid. Of Ibis amount, 18*9 tons 
of HNO, are i;eceived from the denitrators and 3*3 tons of HNO, from 
the absorbers “at the retort lioiisc, leaving 8*9 tons of UNO, to he 
provided out of the retort production of strong nitric acid (88 per cent). 

,, Siiljihuric acid of 97 jier cent, strength is required to mix with this 
nitric acid id order to vic'ld MNT mixed acid of the reqiiin^d specification. 
By making the standard MNT mixes with the Grillo 98*6 jicr cent, 
sulphuric aeiii, les.i strong nitric acid is used than is actually required, 
aiuTthc MNT mixed acitl is therefore slightly under-prodneed. This is 
compensated for liy making mixes, at intervals of a week or so, with 
concentrated sulfiliuric acid from the Gaillard towers of 90 per cent, or 
gi per cent. Such mixes utilise, more strong nitric acid (han is required 
by the acids balani'e. ' .» 

MNT mixed acid is not made in blends, but in mixes, the number 
of mixes in each blend depending upon convenience in doping,; usually 
5-7 mixes constitute one blend. The determining factor in Wlculating 
.each mix is that the'Wiarge of 34I inches, i.e., 11*17 tonSj^of sulphuric 
'acid of eitlier 98*6 per cent, or 90 .per cent, is first rnri down into the 
rnixor. and t]ic amount of nitric acid necessary to give the correct 
analysis is calculaletf and 'added. Mixes are* caldulated "to give an 
analysis or<ILS04,59*5, HNO, 22*5, Hp 18*0, wliich can'afterwards be 
dopdl’i with a 97 pel* cent, sulphuric acid. 
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fo]lows^-Grille ^8*6 per 1*6*1. saipiutnc afid works out as 

11*17 of 98*15 W'n ent. sulphuric acid, 

1*27 huKii of 89rpe;r'f ei»l^ nitric acid. • 

6*q^) ton^ of 50,pcr cent.,nitiic*acid. * 

- *■ * : ‘ * 

• Total. -* . tons’ 

As* ^his qatintity ejcecds tlge capaiatv* ol the mixer, four„rtr fiv* 
inches are. pura4ed*hw»iy faftcr cooling) I'AVe tlfe last to« rT nitric* 
3.cici is ^cldcfl. , , #• • 

• The inwj with Gaillard 90 jAir cenl. &i*]phuric acicT ivorks *t)Ut 

to be* • , * ‘ 

>1*17 tons of 90 [ler cent, siiljihu.i ■ and. 

2‘39 ). » f ^9 , nilric acid. *, 

3 ^ 34 )' II 5 ® II 11 II • A 

To|al - 16*90 tonsi . 

For inacitical purjios^s, lioth mixi's arc svt out in tabular feirin in’ 
ord^ thqt adjustments maybe, made for flitric acid from the retort 
•absdftition towers of stten^tlis exceedinf^.^o per cent. 

•yfie rate of makin" niixes is determined by flie rate at wliich tiie 
denitnitor and retort al)sorpl*oq towers iiroduc.i' weak nitric, acid. A • 
sta'nding rule in mixing is tliaj^ such acid must lie'ipi.xed off itis soou^ a^, 
jiossibll'. riiis is iinportanl*for the followin'/ iifisons;—- . • 

(1) Limited storage cajiacitv for ^wefd< nitric a<id 'from the 

denitrator plant. , • * • 

(2) flic hecessity for maintaining p sufficient iiropi^rtion of the 

storage cajiacity, for Xveak nitric ^acid from tiTe retorts 
for use in the event of a strong nitric ;t'id cooling coil 
develojiing a leak. In this c.ise it would ‘Pie ne<'essary to 
run strong nitric acid as quickly as piossilde ink? thtf so- 
called w'eak acid receiver. I 

The necessity for making mi.xes with (lailla*! sulphuric acuf of* 
90 per cent, strength, and the number of such mixes *0 be made a*re* 
judged by keeping a record (similar to that g’iven bgl'iw') of the make 
of INI and MNT mixed ai:ids. " •* * ' 


Week ending Oeloher 13 // 1 , irftiy. 
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The equivalent amount ‘'o^ MNX, nixed acid is equal to 
A mount of TNT mixed aCid pfoduced X 1-47. of j^T 

' •< ' 4 '^ ' •' 

requiiVis 4*78 tons of TNT mixed acid and i'47 tons of MNT mixed 
acid. , . ' ' ,, 

Jhese rec-ords arc kept, in {Jraphical foAn as sho\Vn^n Fic. 12. 

Whenever tlie 'toani.ge of MNT mixed dcidfalk s^iously below the 
araollnt required to keep j)are with the production of TNI mixed acid, 
the mix with Gaillard sulphuric a(Td is resorted to until ,Jtihe defi'ciciKy 
has been m&dc good. . • ’ 

n . • ^ 

• Advantages of the procedure adopted. —It will be seen that for both 
TblT and MNT mixed acids a standard charge of 34^ inches 6f Grille 
98’6 per" cent, sulphuric acid is added. As a general rule, unless 
instructions are given to the contrary, no mi>{er is ever left empty, and 
persons in charge of the pitant are given instructions to run down 34J 
inches of Grillo sulphuric, acid as a matter of routine as sqon a^iwery 
mix has been pumped away. The advantages of this procedure.are as 
follows:— « 

(а) Tfie charge can he used eithet for a TN'l' or an MNT fliix; as 

occa.sion de nands. ’ ” 

(б) As routine prescribes the same sulphuric acid charge in all cases 

(except under explicit and somewlial cxcci)tional instructions 
to the contrary), tljcre is less liability to error through the 
addition of, nitric acid t'o the wrong sulphuric acid charge 
for^Jiny mix. 

.(c)/Awkwatd situations are avoided which might otherwise arise 
' through nitric acid, oleum, or water from a leaking coil 
escaping into a mixer and causing trouble on account of the 
acid contained therein being below the mixing level. If 
anything does leak into the mixer it is at once mixed into 
the bulk of the acid. 

(d) By allow’ing the charge of sulphuric acid to stand for a while 
before nitric acid is run in, leakages from valves or coils can 
readily be d-etected by a rise in cither the temperature or the 
acid level. ' 


The Qalculation of Dopes. 

P nawTili. Dope?. —If a blend is found on analysis to be incorrect, four 
kind^'of dope are theoretically possible for its adjustment;— 

** (a) A nitric acid dope, when the HjS04 content is high. ,In 'ihiscase 
"thes tennage of the dope adjusts the HjSO, content ^of the 
blend, rt^hilst the strength of .the nitric acid used corrects 
the HNOj content and the dilution. 



GiiM»H TO Show Compabative Productiqms of TJ<T and MNT Mixed Acids.— 

















•PROCEDURE ADOPTED INT’MIXING. 47 

(b) A sulphuric acid dop^^ when HNOj content»is high. This is 

analogous to (a). *rh% tonr.age ^tforr^'cls th# HNO^, whilst 
the ^rength is cho(i*n so as to afljtist the content and 

•the dilution. ‘ . * * * * . _ • .* 

(c) A water dope. —This, haS nevef been cinploydd in TNT ^cid 

•mixing. «The^ dope is useful, howP\*er, v’hen mixing withfn 
ndrrbwliaiifti,* t(>increase the dilution when tWis is low, and 
*the ccicrect or slightly higfv and Jhe H^SO^ is^d'i oT^ 

oc 2 per cent.* above the specified fi^iir'i. • / 

. (d)* A mixed,sulphimc av'd nitriciheid do/ie^wlijch corrects a bleiici in 
vv!l^ich neklier the HNQjnor the ITSO^ content is sufficiently 
hig]i to allow ol‘a sulphuric* <«• nitric'acid d'o^ie With the 
apids available. . • 

rhe^two principal methods used are (b) .'wid (d). 


Practical of'Doping.- It is obviously desirable* Ihnt some 

scheme should be draWn up wherebj' tly operation of doihug is 
sufficiently simplified to permit of foremen dealing with all dopes' 
•whicTi caniu’it be termetl exceptional, i he iirst ^step in this direction 
resulted in the drawing up of formsdor doping, which covered the cases 
of dopes (b) and (d), specimews pf which are given later. It was neces’- 
saiy to provide in addition, howe\cr. some kiiit'l olV'heck to^alculatjou 
in ordeV to give confidence and to guard agaiiiift error. Ihis infcAma- 
tion was first presented in the form of graphs, but exjierience showed 
that the reduction of the graphs ty tflbular form gnve the results in,ii 
clearer arid liiore permanent form. Tables were then constructed to 
deal with all the priiu;ipal dopes,Xvliich resulted in calculations being 
reduced to a minimum. , 

The tables c.oiistruc.ted do not aim at giving a dojie for cverjyiossible 
contingenev ; that would be manifestly impossible, and in any oase the 
tablek would be too long and cumbersome hir the purpose re(]Ujfe4.* It^ 
proved jiossible, however, to construct a series of ‘siinjje 'tables which^ 
when combined would deal with almost an irilinitc variety ol incorrect 
blends. 


• Dopes for TNT Mixed Acid—(a) Sulphunc Acia*iwpts. -« >.cvw.v„, c^.v. 

required, one to give the tonnage and two to give the percent^e of 
H^O« in the sulphuric acid required. Required composition 
79 '^ per.cenl.,’HN03*T7 -8 per cent., H..O 2 7 pci cent. 

Table l: Tonnage of l)ope.—\i is sufficient to consider ancK-orrect 
two of*t*ve constituents, sav, the HNO, and the dilution , the H,,S04 
v^ill be correct* by difference. The HNO^ conlc-jt and dilution of a 
blend capablh oT being^doped with sulphuric acid ah^pe wi>l in,^eneral 
tRrms be respect ivel}’.— 

• ly S-bM ai'd 2 7 .1,0, ^ 

n being th§ excess of HNOj and d the error in dilutioti. 


IJ 8* 
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Tlie tonna^e'of the sulphuric acid dQp^ i*. then equal td— 

‘ T^w'iiafje of b^end x « 

' . . ■ : T-- .17 877^. • ^ 

whiqhcis pToportional, to n. Xhe standard dip of a TNT mixed aci 3 
bl^nd is 9 feet, equivalc^^ to 144’4 dons'and a table is constructed 
giving the doye fdrVach o'l per cent, by w^'ich,the Ij[NP3,exceed8'i7’8, 
per oftut. In (irder to deal r.vifh cases pi which the dipAif the blender 
exceeds or Jails short of grt'-et, the d(Si)P. for r'foot (e«faivalcnt to* 16 tons) 
is givun side by side with that for (), feet. , 

Only one main calculViliAn is necessary in ct)}islructiA|j Ihe^ table, 
viz.:— ► ‘ • , • * ' 

The dope for an UNO, figure of 18"8 (1 c., whei*e n = i;o) 

% 74^7-“ = 8-n ion. , 

IXipe for o‘ 1 per e'ent. excess HNO, — o^ 811 tons. 

„ 0*2 „ • „ „ = 1*622 tons, and so on. 


^ir 

. 9 “ 


.'. J-)ope for I percent, e.xcess of HNO, ])erp foot of ^he'ble;;^ 
— o • yo tons. 


1A131.F. I. • 

' I'oti^na^e of Dope. 
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1 gj • 4C) « 
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20' 1 1 
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2*07 

t8-7 

7 ‘J'' 
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2'16 
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o'qo 

20 '3 ; 

20 ■ 28 

2'25 
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8qo 

o '99 

20*4 * 

, ni ocj^ 

2 '.34 

itj’o 

! 9 - 7.3 

1 '08 

20‘5 

21 *()0 

. 2-430 

ig-i 

; 10-54 

i'i7 

20'6 

22*71 

2*52 

19? , 

i "'.15 

! « 

1 -26 

20 '7 1 

23'.52 

2'Gi 


« Tables 2a and 26*: Percentage of H^SO^ in Sulphuric j\cid required 
'for Dop^—Kssamitig as before that* the HNO3 content is* ly'S + m, and 
the dilution 217 J d, then in the case of a dilution of 2'7-^ci, fof 
exattiple, the dilution of the d6pe must bh— ' _ - 

* c/ X blendx d X iV'SX 
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siqfe the fraction and “S'-* r 

:xcess • . .doiie 


valent. 
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, - are equi- 

. .ClO|)“ * 

f2‘8 x'd\ 


.-. Percentage of H^SO^ teiiuifcd =r=c foo — (j - f 

^ This*figuie 4 na.y gxt^ftd foo per ccnl»,^iii vvliicir* case *10001 Will. 
required.. • * , , ^ ^. 

* »• • *. •*•**/• • 

Tli^ perrcntS.ge of HjSt), thus varies diredlv as , aifd can Ixif- 

• * at •** \ 

plotted^on a^rapri ag^finst lliis raU(j. It iS nfore coiivenlent, however, 

to plot if against and from the graph so*ol'tairietl the pcjceiAage of 

» »“** .* .* 

H,S04 foj intermediate valiK^s of ^ may lie rfjad ofl and tabulated as 


follows : 


Table oa; 

• • 

■ ’ 'Percentage oj JPSO, in Sulphuric .h'id rcqujred by 


(Case wlicii diTutiop is greater tliaii 2'y ]icr cent.) 


a 

H 

PeicciilaKf* 
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I IV*- -•ntiioi f 
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il 

• 

• 
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'j 

U 
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14 ■<) 

q8() 

24 

104-7 

4 <> 

lui -4 

• 

0 

*• . iff 0 • 

98-4 

2’5 

10.1-4 

4-8 

HTl 2 


98 

2 ■ (j 

104-1 

50 

' 101 ■() 


20’t) 

()8 • 2 

2-7 

ioj-() 

5 '2 

•.00'H 


• 3 ^^ < ^ • 

97 '9 

28 

105 -() 

.s' 1 

IOC)' 7 


4' t'o 

• 

97 / 


n - ,-l. 

‘C. Ilf Il.No, III 

ItU'ijtl ; (/ « rnn 

in tliittlion. 



(N.Ii.—When the ratio ” is less tlian l '5, it is not jiossilile ti) dojie 
wi’th slilphiiric acid alone.j 

^ If the dilution is i'j d, the‘percentage of ir.SO, in llJH dope 

* 

» • 

must then l 3 c lOO — 

♦ 

have been 5rawn up on similar^lines to meet this ca^»‘. 


2; 7 n- 


— \ anci th(' sacond graiih and table 
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^ •' Table < 

Percentage of in Sulphuric Acid required by Dope. 
' (Case when dilition is less t'tlan 2‘7 per,cent.) , 


1 

n 

d 

. H ** ^ 

Percentage of 
H,S04 recyiired. 

H 

t ' d 

Percentage of 
reqi/iVed. 

f “ 

fl 

d 

• . . t- «' 

t 

Percentage of 
required. 

.. • 

^ \ 




1 1 

t 

I'l 

81 a 

r 3 'q 1 

f 91 - 4 * ' 

00 

94'2 


82 ■ 2 

3'2 1 

1 9 i '7 

6 0 ^ 

, • 94'3 

i '3 . 

, 833 , 

' 3'4 '1 

1 91'9 

65 

' 94 .' 5 . 

i '4 

844 

" 3-6 

92' I 

* 7 ‘t) t'*! 

r 94'8 

i '5 

i„ 85-4 

. 3'.8 

' 92 ’.3 

8 0 . 

95 ’I 

1*6 j 

86 I 

40 

92 '.5 

90 , 

' 95‘3 

1*7 , 

86 b 

4-2 

92‘8 

'■ ‘'10*0 , 

95 ‘ 5 , 

1-8 

87% 

4'4 

■ 93 'o 

12*0 

958 

^'9 

« 7'9 . 

' 4T 

93 2 

14*0 

' 96'o 

’ 2*0 . 

88-3 

4-8 

93‘4 

i6'o 

96'2 

2*2f' 

fig'2 

- 50 

936 ■ 

180 

,96 '3 

24 

898 


93-8 , 

20*0 

964 

2*6 

90-4 

^ 5-4 

93'9 

300 

96-7 

2-8 

91*0 

5; 6 

94 'I 

40*0 

. " 96 > 


n — excess of HNOj in bl^nd ; d erroi iij dilution. 


(N.B.-,-When the ratio - is less than i • i, it is not possible tb dope 

, « ^ ' • 

with sulphuric acid alone.). 

The only excluded case is when the dilution is 2*7 per cent., i.e., 
when it is correct, the percentage' of H^SO, then required l>£ii'g 97’3 
per cent. . 

It will be s^en that Table i gives the tonnage of the dope, given 
the HNO3 cont/Tit and dip of the blend, and that Tables 2 A and give 
the strength of sulphuric acid required, according as the dilution is 
greatenor less than 2"j jjer cent. It remains necessary, therefore, only 

'to cfetermine the rat'o , and, given the quantity and strength of the 

' C*’ 


sulphuric acid required for the dope, the calculation of the amounts of 
the s)dphuric acids vvhjch must be used to give a sul[)huric acid of the 
required strength is a simple matter. These amounts can be checked 
by means of siitfple straight, line graphs. 

Assuming that sulphuric acid of the following strengths is avail¬ 
able :— , 

' Per cent. - 

Oleum.- - - io5‘o 

Grillo sulphuric acid.98 

Gaillard sulphuric acid - - - - ^ *0. 

' TNX spend acid. - e yi'O 

three {,taphs will be required, viz., for sulphuric acid of strengths 
betwfeten— 

* (i) 71'0 per cent, and ' qro per cent. 



z S0«-) Required 

Sutphuric 
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Consiiferation of the la§t of the^* fvill indicate the general method 
06procedure adopted. * , , * 

, ’''•'Per cehl.* 

Strength of’okum - « - - - 105-o 

„ „ sulphuric acid required - diffefeuce 

*.* „ Qrillo shlphuiic acid - . .oS-h, . \ = d per ceAt. 

*•••* * * 'i * 

Tqtal, diff^reiice’ betwein the i)erceftlages of H^SOf in the pleiiiji 

Lnd in th^ Grille sulphvhic'pcid =-6'4 per reji^. • ^ * • 

»Amount of oleum in to tons of sulphivii'ac id at (9^‘6 +*’ci)\per 
* * ^ * * * * 
cent. =* i.e., tl*e tonnage of |)lcum is directly i>rop^ytional both 

4 o the total tohnago of the mixed sulphuric ajid required fbr tjie doixf 
ancl to the difference d between the strem^h of'that'^ulphuric'acid and 
the strength of the Grille sul])huric acid. * 


It is found conveni»int to draw uj) a series 
for strengths of sulpluific. acid varying in o'5 per c:ent. steps frex 
g8’6 per c:cnl. up to 105 per cent. Fhe most'suitablopoint to determin 
on t^ich fina is found by taking a total t,onnage of a suitable inultipl 
of tfiodifference in H2SO4 c'ontent between oleuiA and Grille sulpliuri 
acid, viz., 6*4 per cent. 'Such a multiple would be 6‘4 x 4 — 25’6 tom 
and ferr every additional o’5 pet cent, differenc'e tlie tonnagp of oleur 
will bctincreased by 2‘0. * ' • * , ’ 

• • 

Fig. 13 illustrates this point, ana ^hows the graph fex sulphuri 
acid of strengjths from 98-6 per c:<snt*. to 105 per (!ent. ,This type i 
graph possesses the advantage that on account of its sirni)lic'ity it ca 
be readily redrawn jf any (Jiange>> in the strengths of tlie available 
sulphuric acid necessitate that this should be done. 


Pprcftntagc of HjSO^ iii 
sulphuric acid required. 


990 

99 5 
i<x>d 


Tahle 3. 


Dilferenre in H^SO^ c«.»ntr.nt 
between the sulphuric and requdred 
and Ciiillu su){>hui;ic acid 

(98 6 iKsr cent.) * 

9 • 

• 

'I'onnage of oleum in 
.'5^0 tons of sulphuric acid 
• . of the retjuired strength. 

♦ 

..*' 

o '4 

I *6 

. 09 

36 

i '4 

5-6 


Dopss for T»T Hized Acid—(b) Mixed Acid This dope'is not - 

often necessary,‘but it is occasionally desirahle in the following cases 

'a) If insufficient nitric acid has been added to the fjreliijiinary 
mixes. . ^ . 

[b) If ajt excess of Griilo 98‘6 per cent', suljdiprid acid has been /un 
^ intb the bknder, causing -the dip to exceed 9 feet^ and 
* 'thereby lowering the percentage of HNC'j in the blend; 
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(c) When tfie dilutipnjjirrjir.is conSidSraljle, causing the ratio ^ tp 

• • * m . * . 

be very low, llv^Htnaking a sulfihuric acicl*do^e iin|)ossible. 
IJntler any oiip of tlTese circiynstanccs, th/ee courses are open :— • 

(i) The HNOj'content of the l^end* ejan be increased by adding 
sirong’jiitri? acid to a charge ot*^4* incljes \^hjch., has 
bVn pumped bricfc’froni the blunder to*a mi»er (i^pupiping 
liiit; c(«iner|,ipg the sltidge C4'its*pf /he blend^rS to the 
mixers exists for this purpose). Sulhcient^nitwc a<?id can 
'then easily ‘[le addea.to giv'e an ]yN(),p-ontent m* the 
Jblend which is hi^h c^^opgli to allowiof a siflphurw::'acid 
' , tlo()e betng madfc in the usual hiauner. , t 

(a), If the HI^)3 CQiitent is lower than that retquired Ijy specific/i- ‘ 
tion, a‘ dope of nitric arid is jiossiblc in certain cases* 
lirovided^the required strength'is betwcfui 50 per c 5 nt. and 
gojiercent.. This is added as in /i) to a portion of the 
blend tmmiied back to the mixer., * 

( t) A doiie of inixeth sulphuric and nitric acids can be made. 
The mixed acid cjoiie is usually resprted to in .the casfi of 
TN r inived acid. Methods (i) and (:.!) are oc'.casioaally 
useful, however, particularly as regards MNT mixed acid ; 

^ these cases ;.viil be considereef later. • 

‘Iji order to redtic^ the mixed acid'dope to tabular foriiv it is 
necessary for the tonnagciof the blend to be constant. This is not 
ajiractical dilhcultv, for the standard dijj of blends of TNlTnixed acid 
is q fei't, and wi any case the occasional errors are on the luglwside. ^ It 
is therefore an easy matter before dojiing to reduce the level of the 
blend when nei'etsary to q feet by levelling*down tv the next blender. 

Three tabl*;? <'ire in use, two of which may sullice. The first tables 
give the«;;lopes for standfird blends of varying UNO, content but with 
correct' dilutions. (liven these, it is a sitnide matter to introduce 
torRs-lions for the errors in dilution. 

* Table Dope jor varying HNO^ amtent but corrcc.l Diliilion.- The 
calculations for thif table tire cjuitc simple if the case be first considered 
of tliif dope for a blenvl'rontainihg ly'S per cent, of 1 IN(.),. The dope in 
the latter case will of cqursc be of correct analysis, viz,, H^SO, yq'S per 
cent., HNO, lyA jier cent., 'H _,0 2“j per cent. Assuming the dope to* 
consist of 17 tons, then, it contains 17 X o'i78 — 3‘03 tons of HNOj, 
and 17 X o'7q5 - 13‘52 tons of H^SO,. (liven v. nitrice acid of any 
fixed strength (liere taken as 86 jx'r cent.) the tonnage of the nitric a(tid 
and the tonnage and strength of the sulphuric acid naturally follow. 
•The rest of the table is-based on the fact that o'l jier cent, ^n-acidity 
is equivalent to i •4q4--' X d‘i — o’i,|.|4 ton of acid, i.t., if the KNG3 
‘content is t 7’7 jicr lent. the tonnage of UNO, required ipi’»the dope is 
ecjual Jl() the tonnage of HNO, requ*ired for dopifig a blend containing 
i 7’5) per cent, o'l UNO, less o’P444 ton, and the tonnage of in the 

•dope will ll|ercfor(' be equal to thq tonnage of H,,S(,^4 required for doping 
a blend contafning, i7’8 per cent, of HNO, plus o’ 1444 /on. 'This 

' * See page 4Sf. 1 
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• • ■*’ > * 

follows froifi the fact tliat tim (Jjlution, and lienee total acidity, 


A tab^ 

le is ftrst.drawm ijpdh the foUowiiig/orm 


• 

HNO, amtent. 

• 

» • 

^ Nitric acitl. ^ 

• • • 

A 

4 

11 N<», ’ 

i * * • 

» • i 

•lIsSO, ! 

• • 

^ s • , 

Suliiliiuir U,SO,in 

*aA(l. .!» 

\ dClJ 

. / 

Oleum * 

« 

Per cenj. * 
a , * 

« 

__ >- ■ . 

' 'roe*;. * * 

• h 

* . 

) •■p » 

1 ons. 

r • 

» 

* » 

'I'oiis.' 

•< 

, 

'foil', I’er rent. ‘ 

. i 1 • 

9 • 1 

T*>iis. 


candc/aj[-ecall'ulated, as ind/cated’atove; Lwr the vaiious H'^JOjCtmtent; 
which it is desired, lo dope. Thi-^ haviiifi I'cen 'done, l> is jreadih 
qjbfainable f/om the tonnage of IJNt\re<fiiired and^ the inosf general 

strength^ available ; c — 17 — h; f aiul fiii;.dly g--- 

the^ik'uni available is 105 per cent. and 

•the (j»i;ilio suljihuric aci<,l of ()8‘b per cent.,H ,S(),. 

Ill presenting the tabic for practical use only the ('olnnms giving 
a, f),V,’and / are necessary. 

Tire dilution of the blend I’s corrected by vither (n) incivasing Uie 
amount, of oleum in the dc.’iie, whilst keeping»the total tonnage; of 
sulphuric acid constant, in cases where tlie»diliition e.vceedS z'”] per 
cent., or (b) dec-reasing tlie amount pt dlenni or igcluding a certain 
ainopnt of»weak sulphuric acid in fhe do])e in case's whe'rc'ilie dilution 
is less than 2 "j jier cent. ^ 

’ 'rAiuai 4. • 


HNOs 

Nitric acul 

I'oUil 

( )|ouili (U15 


Nid If ;u‘i(l 



conlcij^. 

(86 jHtr 
' ceiiL). 

sijl[>huri<‘ 

acid. 

jter rent. 
lIjSf \). 

1 

conlciil. 

(H() [ipi 
< fill ) 

Mlij»)lUli<' 

:i( kI. 

ijj*) ffiit. 





• 


• 

’er cent. 

'Tons. 

'Ions. 

'I'ons. 

Per cent. 

1 

•'Foils, j 

Foils. 

'Fon.s. 

iflO 

(^■5 

'"■5 

() ■ (> 

' 7'5 ; 

4 «*>' 1 

1 po 


16 1 

<-’■4 

lO ' (1 
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i 7 (. 

.ra ' 

'.i'l 

4'3 

, l()'2 

fj z 

10 S 

8-.S 

17-7 

.f 7 1 

*53 

3 9 

16-3 


1 1 ' 0 
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17-8 

5 5 1 
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lf )'4 

. 5 ’a 
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.i'a 

140 

2-8 

i6‘7 

5'4 

I [ (> 

7’2 

i8-2 

2‘8 

14-2 

2*2 

i6'8 
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2:s 
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2'.i . 

14-7 

1 * 1 
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5 'a 

i8(. 
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o'a 

17*2 

4'5 

' 2'>5 

5 f' 

• ' 8'7 
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-* 7'3 

4'4 
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5'2 

i8-H 

1 -8 

13^0 

0*4 

17-4 

. 4'2 

• 12 *8 
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4 ■') 

4 
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N.ij.—The difference between the total tonnage of suljihuric ac?d 
and the ttrnnage of oleum is to consist of Gi'illo 98 6 picrcent. sulphuric 
^cid. 
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Siitution e>^^eeds 
b the siflpnuric at 


2’7 per «**.-^Taking 
acid of the dope of i ton 


Table 5 : Correct ion when 
case (a) first, tife replac»;m^.t,iii the siflpi 

of GriTlo 98 6 pp^ cent, sulpj^uric acid by«T ton of oleup (105 per cent. 
HjSO^) is eqiifvalcnt^tofrdducing the tonnage of watfer m the*dope, ancj 
therdfcfre in tlie fiViahblend, by cf-o64 tan. • 

,* 01 jier cent.diJutifln' in a blenS of /44;4 tons is equivalent to 
O'1444 ton. V ’ • '•‘J.* ’’ 

, * Tonnage of (jleuro jKjquired tt) fepla(,:e Q^illj^qS' 6 per* cent, acid 
in coiopen'sating for a dilution O’l per cent, too high is— , " 

= 2*22 tons. 

0-964 r ' 

• TaJ^lc 5 shows •this in tabular form, giving the tonhage of oleunk 
equivalent to a givtjn error in'dilution. ' ' 


Taiii.e 5. 


Error in diluliun. 

1 Equivalent of ^leurr). 

Error in dilqtion. 

Equijfalcfit of p)|^un). 

Per cent. 

> —««. ... 

Tons. 

Per cent. 

'Pons. 

01, 

<‘’2*2 


i3'3* 

0*2 

4'4 

#» o '7 

i5f 


U '7 

0*8 

17-8 

<>■4 

89 « 

o '9 

1 20*0 

05 

II I • 

I 0 

22*2 

r 

1 


Ill order to jlJustrdtte the use of'the two tables, the instance may 
be take*n of a ..blend containing H^SO.So-opcr cent., HNO3 17*1 per 
cent., apd HXlrj-q jier cent. 

Tdble 4 gives the dope for a blend containing 17*1 percent, of 
HNG, and of correct dilution as— ' 

.» « I 

4-7 tons of 86 per cent, nitric acid ; 

12-3 tons o,f sulpluiric acid (total); and 

• 5'9 thus of ol^nm (105 per cent. H^SO.). 

The dilution is 0-3 per cent, higher than 2-7 per cent., and Table? 
shows tliis to be ecpiivalent' to 4-4 tons of oleum. 

.'. Total oleum ifi dope is (5*9 + 4-.4) = 10-3 tons, and the 
tonnage of Grille 98-6 sulphuric acid by difference is*(12-3 — lO’d) 
= 2-0 tons. 


The dope should ( per cent. H,SO,} 

therefore con--^ J’""" sulphuric, acid* (98;6 per 

cent. H^SeX). , , 

4-7 tons of nitric acid f86'0 pet cent. HNO3). 


■ ist of 


L'on-|^ 


, Table 6 :''Correciion when the dilution is. Ices than 2 'y percent .—If 
the case of, a ble.nd df analysis H^SO, 8o-6 per .cent., liNOj 17-1 per 
cent.,*and ll,C 2-3. per cent, be now considered, Ihe dope.for (orrec.t 
dilution is the same as in the previous c9.se. TJie dilution i^ 0*4 per 
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:ent. lovfrei* than 2*7 perN-poj:., however, and it wilt i^i this case lx; 
nacessary to replace oleum by Grillo •cjS'.Stper cenK sulphuric acid. 
The tonnage of^oleum eqiyvftleyt to an eftor in dilution of o’q per 
jant. is gi^en in Table 5 as 8’5 tons, and the tonijage of oleum, in the 
dope should therefore be (Vp -‘ 3 ’ 9 ) ^ — 3'o tons. ’ The meaning of 
this is tha* the replacement of an the oleuiii‘by Grilh* o8-6 suli>hunc 
acid *(vii., 5*9? tons) WoulS still be iilsufTjf ient fo sui/)ly the watm- 
necessa'ry to dilute the Wend to 2*’7*per cent .' *' 

In actual practice i’t is customary td repla’ce a certain amount,of thu 



--- Pt'r 

If these two dillercnccs'wcre equal, then tin-' - 3‘o tops o.f. ol4;iini 
in the above calculatiop would signify tliat .^tons of GaiJIArji 91 j)er 
cent, acid would be requjrpd in the dope. , 

With the differences as they an', laiwever, 1’.o ton of oleum is 

equivalent to —^ = 0'84 tons of 91’o per cent, sulphuric acid, th<' 

reas'oh being that the*figure -- 3'0 tons of oleum obtained above 
requires, in addition to the replacement of alh the oleum I^y qS'O per 
cent, svdphuric acid, a further quantity of waljir'In order to inejease 
the dilution of the blend. This quartity is jciual to the water content 
of 3 tons of 98'6 per cent, sulphuric, r.^'id less thp water content 
3 tons of, olyum, i.e., 3 X 0-064 h’o* Now the replacement of i ton 
of 9*8-6 per cent, sulphuric acid by i ton of 91-0 per cent, acid inc-reasc's 
the water in the dc^ie by 0*076 t^n. The tonnage'if 91'O percent, 
acid which is equivalent to — 3-0 tons of oleum is therefore 

3 X 4 ^ 3 X 0-84 tons. 

0*070 * ^ 

Table bis as follows, and is used when tlic ipniiagc.of olefltn p' 
calculated is a negative quantity in order to convert - tons of olcuhv 
into equivalent tons of sulphuric acid of 91 por cent.^strength. 

’ * 

Taiile 6. 


OJeum. 

91 i^er cent, sulphuric 
acid. 

• 

• _ 

Tons. 

Tons. 

— I "o 

0-84 

—20 

1-68 

- 3-0 

252 

-40 

336 

-5 « • . 

4’20 

—6'o 

* 504 

-70 

’ . 588 

■-8-.0 

' 6-72 

-9 0 ■ 

• 7'56 

lO’O 

8‘4o 

• 


• 

Oleum. 

91 iJtir cent sulphuric 
' at'i<l. 

Tons. 

Tons. 

— 

16’Sf) 

—O' 1 

()'«8 

02 

<)■ 16 

-0 3 , 

025 

-04 

• 0-44 

-(>■5 

<■>■45, 

—o'6 

* O ’50 

- 0 - 7 . 

O'59 

—08 

.. • 

— 0*9 * 
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One more example is givefi|*in order V) illustrate the use of the 
foregoing tables, viz., Vlia^ of, 4 blcnct c c 5 nfaining H^SO^ 80*4 per ce»t., 
HNOj*I 7'^ per ctnt., HP'V'3 per rent. i-B- ^ 

(aj Frym'Table^4 Vhfe dope for corrort (filution But inroi^ect HNQ3 
cuntetit 18 given as—* • ^ • 

Nitri(?acid*(86 per cent.- -« 4'4tons. 

yotal siil()hiirjc. acid - i- • • . i'2'o „ • 

(>ieiin^ (loj jier rent. H/jO,) , * - - 5 ’2 „ 

(Ji) Tfie (lihition error is ('2-7 —2-3) 0-4 per‘cenj.,’,a»id from 

• ' Table 5 tlve qAiantity ofpleuin equivalent tp tliis is 8^9 tgns. 

*v-' • Q>';>ntity of ()|euinfii) dope is fs^a—8-9) — yy tons, 

(f) From Table 6 it will be seen that - •3'7 tons, of oleum are 
’ ' e-juivalenl to (2;52 + o-59) -3-1 'tons of 91 per cent' 
sul|)liune ackl, “ ' ' 

•The te.iiiainder ol the sulphuric arid is to be made u]) with Grille 
qS'G jK‘r rent. arid. ■ • 

Oiiantityof 98-6 i)t:r cent.sulidiuric acid reejuired is(i2’6— 3'i) 
= 9'5 tons. 

'I'he dope required will therefore consist of; — 

Nitric acid (86 pc'r rent.) i. . . 4-4 tons. 

Sulirhurir acid (qN'b ])er cent.) , - - - - „ 

Sidfihuric aci.'I (91 per cent.) ^ - - - . 

Dopes' for TNT Mixed Acid—(cj Exceptional cases. It may happen that 
Uie 17-ton dope n;ferr('d to on page 52 and subseipiently is not large 
enough to elhct tlie necessary conecuon in the blend. Such crase ,will 
be indicated by the calculated quantity of oleum or 91 pei rent, sulphuric 
acid re(|uired bnuig grc'ater than the "totallonnag(> of sulphuric acid in 
the doire, and r.his necessitates a fresh starting point. 

h'qr instaiKT, a 34-ton dojM', i.e., a double dope, would be necessary 
with a blend of analysis II.,SO, 79-0 per rent., IINO, 17 |)cr cent., 
per rent. 17-ton d()p(' for a blend of correct diliiticm but 
■ vvhirh contains 17 per cent, of UNO, is given in Table 4. If a 34-ton 
dope, is re(iuir(‘d the e>.tra 17-ton dojie must be correct as regards 
HNO, coutei'.t, since, 'die first slope is sullicient to correct the blend in 
respect of this constituent. 

The 17-toii'dope for UNO, - 17 per cent, contains (see Table 4) 
Nitric acid (86 per cent. UNO,) ... 4-() tons. 

Total sulphuric arid - - . " - IC'I ,, 

Oleum (105 per cent. H ,SO,) - - - ' - 6'2 „ 

'file extra 17 tons for HNOj — 17*8 per cent, contains (see 
Table'4);— 

Nitric acid (86 per cent. H^SO,) - - - 3*5 ^ons.' 

'fotal sul])huric acid.,f3'5 „ 

Oleum (105 jier cent. HoSOj) . .. •. . 

The 34'-tou dope for IjNO, =• 17 per rent, corjtains :— t 
Nitric acid (86 per cent. HNO,) . . 8.,'4 tons. 

Total sfdplinric acid.25’6,. ,, 

Oleum (105 per cent. JfjSO,) - - - 9*9 

The error in dilution is(3'4 — 2'7=^b‘7 cent.). 



procedure adopted i:« mix-ing* 

oleum require<f'wiirn“n*!ft('Vt</.™''* ^ '"lul 

.x-e, 'r -"i; » 

The actual dojie therefore c*)nsisls*(jf:_ 

NiVic acid p«r t*etU. l?N'(y) ’ , 

^IplH.ric acid (^f?*f,per cent. Hietf),) 
nic-um (105 per ct-Mi^ H,S©,), u-T-”* 

and niv^\V<)ji!d !»)e (Imclecl i’lilo 1 wo equal 111ix?s* • 

r1nn.°®^r *°f 'AciA -W Sulphuric Acfd Dope. The-cu-uei il 

tee ... 

HNp^^.ontent is low. I liese are eoiislmeted oft similar lines i.l e 
sidphurK' acid dope tahk's, an.d are se 1 out as indicated helow. 

i^pecijicalim limits joy MKT Mlx/j*.\cid. 

♦ I'ereent. 

- - 2i-o 

■ ' . - ■ - 17-0 


H,srh - 
HK(.T 
i-i .0 . 


. *100 'O 


The. tonnage o| nitric acid rc(]uired for a Mend of 
II9'3.tons. 

i'Am.E 7. 

_ b oi'vecllOH joy I.ow IIKO^ Cvtilcul. 


ill 

,^original hlrnd 


7 o 

,02'O 

62 ■ I 

62 ■ 2 

6'i ’4 
()2 ■ 5 
62 0 
02’7 
62'i> 
62'9 
63>o 


Nitric fn i(i 

Coiife hoi) 

rtMjitirdd. 

I Inol 1 

j 'I ons. 


Nil » 

Nil 

o' 11) 

^ 002 

038 

()’o 5 

o' 38 

()’f )7 

•o '77 

0* 10 

•0 ' 9(1 

0* rj 

'I'l.S 

014 

I ■. 54 * 

(»■ 17 

1^3 ’ 

o' 19 

' i '73 . 

o' 22 

I 92 

o' 24 


I igSc iti 
oncin.'il liloid. 


‘ 7 , 

fij ■ 2 

7573 
l‘r ,4 
(‘J .s 

(> 3 f) 

hj '7 

(> 3 S 

fjjVfJ 

0.3 ■ <) 


-\ilii( acid 

ix’iimitd 


1 < ms. 

2 11 
2 ■ 3(,l 

2 • 50 
2 ■()() 

, 2-88 
J'f'7 
.5 ■27 . 
3 ;-d> • 
. 5 '>.S 
. 3 T 4 , 


feet (lip is 


(. (Hiertion for 
f'U'h I fottf (Ij]t. 


• rolls. 
^ ' 'Jb 

<> ■ 2 if 

o;3i 

(>■36 

5^38 

1^41 

O'4(1 

0-48 
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^ , Jable‘8a.* ** 

Percentage of in Nitric^ Afc^d/equired by -Dope. 

' (Ca^^ vvlieji dilutiop is less t'han lyo per cent.) 


\ 





'Tl'ercentige of 

s 

.'"rcentaKC of 

s 

I^crccntagp of* 
UMO, required. 

» ^ . 

rt 

HviO* required. 

. 7 

• 7 c 

HNti, required. 


1 


^ , c 


t. • 



' 

f 



, . 

21 0 

, "*0 , 

61; 6 

6-5 

73’3 

15 

' 4>'7 ■ 

S'O 

62-3 

, 7-0 

74 * 0 .. 

1*6 

44 ■ 

3-2 

• 3'4 

, f> 3'5 

0 7'5 

. 74 " 7 

17 

470 

64 "6 

8*0 

. 75'3 

1-8 

48 ■ 3 

36 

65 • () 

. - 8-5 '■ 

75'7 

i ‘9 '' 



6(> ■ (> 

O'o 

76'2 

20 

520 

40 

f' 7'5 

10*0 

768 

a 2’i 

53'5 

4-2 

(>8 ■ 3 

12*0 

778 

2'2, 

. 55 ‘'> 

4'4 

■ 0 

14 *0 

78'6 

2 i 3 

. 5 f ’'2 

46 

O9 7 

lf)0 

79 'I 

2'4 

. 57'5 

'• 4-8 

70*2 ' 

180 

79 f' 

2'5 

58-2 

5 <> 

7 o’() 

20 0 

800 

2*6 

■ 50 '' 

. 5'5 

71 7 

30 0 

8n'9 

37 

fx)’o 

60 

72 5 

40 0 

8' '4 

2*8 

f)0-8 


« 



.s — p.y-ess of f^2S04 in blend i d -=■ '‘rror in dilution. 


Table 8h. 

Percentage of HNO^ in Nitric Acid required by Dope.' 
(Case when dilution is gieater than ij'p ])er cent.) 


S C' 

PeicentaKe of ^ 


IVrrentaiji* of 

S 

Percentage of 

d 

UNO, required. 

d 

HNC), required. 

d 

UNO, required. 

40 

L 

* 98 '5 

5'(' 

94 I 

lO'O 

i 

1 89 ’3 

42 

97O 

. 58 

< 13'8 

} 2 'ii 

883 

,4'4 

9 / 'q 

(t;o 

<J3'5 

14 0 

i 87-5 

46 

<j 6'3 

('■5 

92 () 

ifio 

8f.-8 

48 

958 

70 

912 

i8'o 

8fi’ s 

50 

‘)5'3 

7'5 

912 

20*0 

1 8e ■ 0 

5'2 

‘H '9 

8*0 

90 7 

30'0 


5‘4 

94'5 

yo 

90*0 

40 Oj 

; 84-5 


s = exc'csh of IIjSO^ in blend ; d — errm in dilution. 


(N.B.—When the rati<.> ^ is le.ss than 4'0, it is not. possible to dope 

A (t 

with ritric acid alone. If the dilution is correct, i.e., l7'o per cent., the 
nitric acid required must contain 83 per cent, of HNO3.) 

As explained op, ])age 52. the method of 'making the doyie is to 
punio 34.V infdics of the blend back into the mixer, After which the 
necessary nitric acid is added. In applying Table 8a, when the dope 
consists of nitriciBcid containing less tnan 80 per cent, of HIJO3, there 
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is a danger of increasing llic Vitvin oi tiic mix above 20 per eem Thi- 
IS undesirable and m practice ('are is tak.»ii»m’ 9 er \o cxc/ied a (liliitjon ol' 
20 per ceiiW in steel mix 8 r.**Simie ii>etii(.d is necessary, titereb.re, in 
ifrciBr to inciicRtc tiic cunoi^nt of nilri(^ tU'id of* ;i •p«\rlK'ul«'H' 
which can be addend to :H^,iwche%or an MNT blihid in a mixer. 'Hiis 
js arrivecj a\ as {oJloWs :-A- • ^ 

34 |'inches bi MN'I', mixed ^ci^l are e.fiiivalent to/o-^ Piii*. It 
( 20 ~(i)^p 5 r cent,. r\proseids tlic a('tuaJ dilbtion flf (Im lilgncl to be 
dojied ; ,if' thb diluti(.)n permissible i^ 20 per cent* ; and if (20 + »1 imm’ 
ceift. i;e()res('’iils the ddution of llictnitric, acifl ifst^l in tli? (Toiie, lilen 
the quaiility ()f iiitrii*' acid pi dihij/ioii (2(j -j-ci per cc'iil^vliicii wlien 
gdded to lo' 4 'tons pi MN 1 mixed acid (It diliiti()n (20 • ■ dh per c('iit 

<•1 , • ' ' » 

yields a mixture of dihitioii 20 qier *( ('111*. is (Hpial^lo ^**'4 

This maj'be. either caicniated, or given in tabular form figainst’the 

inverse fraction wliic.hnis usually greati-r tlyiii unity. ' 

If the dope contains mor(' than this prescribed’tiuantilv of iiitiic 
acid, tjien it will be necessary to jninij) bach niijie than oih' charge of 
34I inches of the original lilend to the mixers. 

Dope for MNT Acid.—(c) Mixed Acid Dope. —I'f neithi'i a viitric aciij 
nor a sillpluiric acid dope is'possible, then a 111 iki'd dope is iiecessaix. 
This is the only dope which is calculated (ilrect. In this caSe, also, if 
the dilution is less than lyo ])er cent , care must be .exercised to avonj 
niabing a (’oinjicnsat ing mix having a dilution exceeding iio percent. 

I his is b('st effc( h'd by first iTilvulat ing 1 1 n iniiiimnm dope possible 
to ('orn'ct the blend in order t(.) keeji within the 20 ].t‘r 1 ent. dilution 
limit. 

'f- . . . . ' ‘ 

> liilutionol blend - - (I7'() d) per cent. 

licquired dilution - - -- i/'o ])('r c('r,t. ) 1 tillerence * I^'o • 

Maximum dilution of dojie — 20'0 „ j ’percent. ’ * 

riie.n, if the tonnage ol the blend is ('(jual to .y, IIk' iiiinimiim tonnage 
of the dope (/.(’., the tonnage of a dojic of 2o’’'jier cent, dilution) is 

f'qual to ^. ' 

^ ;ro 

The dope must not b.e less tiian this figure, it is usually greater, 
in qrder to ma'he it a-%nulti[)le of 17 tons, i.c., in order to permit of an 
exact numb(;r of similar mixes being made. 
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, PLAKT AlID PROCESS'for 'aQID MIXING. 

o, ' t • . . fi • ‘ * 

. AYlicrrasyoi-l Kill I (Ipftlt ('hirlly jvith the;, relation’of t*h?'work of 

the niixiij^' ])l.'uilt, to llf'.hricls.ct'cre as a whole, a*,fd Jjec'tionr 2 with the. 
ecoiltraiiiral lUilisatinii of tlie ;ivailablc acids, tojrethhr '^ath the 
rel^liK’tioii to sinijde' tifpiiliir forms of the calculadoiv'c involved in 
mixing ati'l, (loping, this section (|‘als wijli 1 lie'plant from the works 
standpoint, ' 

General. Tlieycid inixiitg'planl consists of ilie following component 
jiarls, viz., sloragi- for’i.axi'd apd unmixod acids, together with the 
various ]>ipc-lines for distributing tin-.same; seven picliminary mixing 
tanks fmi,C(‘r-) ; four idending tanks (blenders); arrangem.’'nts for 
distributing the acid ; buildings for enclosing same, <S:c. 

It is more coilvmiic'nt, as a general rule, to treat jilant and process 
together, and this course has ocen followed in the order of the, sticc'cssive 
stages of the mixing |iroc<^ss. ' • ' 

' ■ , Storac.k 01' IjN'MixK!) Acii) .\..x]i Dmi.ivkry to Mi.xers. 

storage accommodation.— In discussing storage accommodation for an 
•acid mixing plant it mu.st be iivTlised that tin' stoinge capacitv needcnl 
for niliie acids is lolally dilTerent from that supplied for sulphuric iicids 
.and oleum, hor the Iptter, it is stv.md policy to (^arrv about two days' 
stock, with .accommodation lor three davs' supjdv. Ihis yiermits 
mixing to (oiitinue during any shut down or tenifiorarv shortage of 
pro;lu.‘'iion on the part'ol the concentration and .SO pioducing jilants. 
AL tlu same time, a little elasticity ol working is [lermitted for the 
latter plants in the .'vmit of the nitric acid production llucfnating upon 
any account. 

'Phis is (piite uinif'ccssary, howevi'r, as regards storage for nitric 
acid, 'rite r.ate of im'.duction of mixed .acid at the mixers is set by the 
rate of jirodnction of. nitric acid at the retorts and denilrators, the 
nitric .acid being mi.xed off as fast as it is jiroduced; The onlv storage 
aeeoinmodatittn whit h is necessary, therefoie, is r('(]inied in ordei (i) to 
allow the nitric aeid jikants am|)le sur|)lus recei'.air room for use while 
the mixeis are. drawing from full receiver.s, and (2i to provide snffi(?ienl 
space to receive (he nitric acid during a,ny yieriod'during which the 
mixers are unable to take the acid produced. This may be due either 
to a temporary sti'pji.age of the mixing due to dilhculty in doping 
blcnds.and pumping them to storage, or to the need for repairing the 
line /ieliveriirg the. nitric, acid to tlie. mixers. 

Details of Receiving Tank for strong Nitric Acifl,—Fig. gives a good 
general idea of the lead-receiving tanks used to hold strong nitiic acid 
from the retorts. Fach tanjc has an internal diameter of 8 feet„3 inches 






































STORAGE OF UNMIXED* ACmS, (,r 

with a tntfan depth of 3 feel lo ifi(;hes, a slope being given to the 
bottom so that the tanks wil! cfrain t9\^ar4ls <,lie outlJ^t. Tlielend is 
carried in a fra^nework cons^ting of a 3-iniii l>v vi'uMi by |-inrh angle 
^ingat lift top sup-ported ob si«*3-ineirby i>-ib(;irby H-inVh'.lces (•(]uullv 
spaced, these tees being fnrthftr eonntvted toget/iei-'»by means bf’iwij 
3-inch by 4 -in('h stofl ImnUs’ wliJIi serve to,|)S('ve]jt ^lie'biirsting of tlic 
• leadlining nnjier. fluid pressure. This pities and•liottofi are of 2u-lf). 
sheet Ifead’ the'sides beyig, flang»;d, inwardS at the botyMii and lJuriii'd 
inside fptd outside, antf dn’sscd o\ei 1 he to|V:fiy;h»as mdi. ijted. Care 
must; be’taken to round oR' the r<Aneis of t[ie top angle as,sh(hVi^, in 
orlle? to p.TWvertt cidting of thelleml.* T*> laevent the lead from 
“creeping," Straits oT lead are bifrif tl ou jlie sideij over i*te nijld steid 
straps. A cofor is ^^tnivideil of 8 - 11 ). lead viipjtorti'il by inrans of leini. 
straps frontTl-inch diameter pijte bi;^ir^r^. J'hese j»lia|)s areiturnetrio 
the covnr, and the covei -,ljeet 1)1011(^1 rouniHls fc'dge to the side sheets 
of the tank as iletailed. # 

Rofore Ihe tank !•? ereeled a sheet of iil lb. lead is hiid» over the 
top of the tank found;ftions, this apron |fiale being about ft inches 
larger bj diameti'r than the foundation block, anfl bmng afterwards 
turn'i'd'down slightly'all round the laller, so that anv leakage fiom 
the i’mk will drip cle.ar of the |imndations. f>n this aitiatn plate the 
bottojii sheet rtf the tank i^ l^aiil, this being^ slightly less in diamen'r 
than the apron sheet, and Ijiis also is tumi'l dywii at lln’ edge^, ;is 
shown! 'I'lie steid frami'wbrk is then erecti'fl, and the side ^liuets 
fixed in position. 

Acid is introduced into the P'lwk Ry means i»f 2-inch lead pip»s, 
wli'icli ar? c.'irried well down insith' tin; lank and burned to the co\er. 
Each tank is provided wit^ gauitip glass littijigs so that it ma\' br 
used as a measiiriifg vessel for measuring niliic nePd to the mixiMs. 
The arid is discharged through a '2-inch diameter opening at Ihi 
lowest point in the side, this disi'harge being jtroviifed with'ii >-inch 
reguJus met;d plug-vaKc. A 4-inch fume pipe is taken fiitm ^'ich 
cover, and the fume pijics from each set of tanks a<e comiwted logeljie! 

and led to a batterv of condensing lowers. * 

• 

Details of Brick Tank lor storing 70 pec cent. Nibyc Acid, rl' ig. i.S^^liow^ 
the det.'iils of a brick-lined tankas used for the storage of 70 per cent, 
•nitric acid. The tank is built on a concrete Rmndatfon on the lop ol 
which an afiron sheet of iti-lb. lead is laiif down upon which llii'tank 
is erected. TIk' lattei is^o feet long b\ to feel wide b\ 3 feel ti iiii he'- 
degp inside, ami is built of .h id lesisling biakslaid in acid lesistiiig 
cement, the bottom of Hie lank is p im lies Ihii k, and the side"- 
18 inches thick at the to|i and j feel 1 im It thick at the bottom, tc 
\yitl\stancl’ the static pressure of the m id. ^Ar ross r-ai h tank four p-im 1: 
chequer brieje \yalls arc built, these forming snppwts for the.aeid-prool 
tile.s forming ilie rovee,. These tile^ are 4 feet loiig*l)v i Toof^^ ide b^ 
»"4 inches thick, and* are feiniied witii rebates s,t that joinlis ma\ 
be ma&e, tight. *The’outside of the taftk is r^omplefely < ov'erod fV'itl 
16-II4. sheet lead, the side, sheets being brought up over 'the ipp ane 
tucked inlo the brickwork as showm. At the bcRtom of eaeh'taqk ii 
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* •• 

provided ;i pineW stoneware ^;u^lct, i% fitted with d ^oiieware 

cork. , 'J'liis (xli k is jeaul crtvi^etl, tlie covering being burned to the si^e 
sheets'of Ijie tan*l< covering, anc] is furriit^r^restrained a lead^rap 
whicli,])asses lliroug^i Uigs on the sid<>‘♦licets. lif one of tllb coverings 
tiles'a 4-incli holT- is'cift, and a ^-incli fuinp bijie inserted therein. It is 
mVcNsary to < xen isrijiartit^dar care ii^ inakmjy thij joints of»tliis ^tank, 
in order that V>ey iiTay be (^)n»]i]etely acid lights 

••• 

Delivery of Acids'to {Mxfe.—'Fhe re(]uireifi*entR iif Tliiji res])(>fft^ire best 
rea|is'(?d b.V, dering^wliaI coStstitLiles' a complete nlixi^g cycle, 
rins may bi' said in geiK'nal It'inis tf.) comi)risc titfc follftwiiig stc'psi:-* 

Cl) A?hlition of the siflpluirioacid charge. 

^2)^ Additioii'of the nitric acids and oleuKi, prelinni'jary niixiij(gf 
and cJ'/olin^ read} for piwnping away. • 

C.l) l*,umping t« b^Jt^nders. i ' 

Stei*.s (i) and (j) cobstitnte the *'dead ” time for a mix,” juid are 
tlie first jioints ;it which* sjx-eding up can • take i>lace. The pipe¬ 
lines delivering the suljiliuric acids for tlie jireliininary cliargy should 
giv(' as rapid a How as [lossilde, so as to rcdncctlie time w^iich-erlajiscs 
betwf'eii tlie cmpti ing'of a mixer and th<r commencement of th('''.addi- 
tion of the nitric ai id, whicli mav be said Jo mark the beginning of the 
.'U-'tlial miv 

. The speeds of d('li\fcr\’ of .acids through the various jiipe-lfaes are. 
given in tlie following tabfi':— 


_ _• 

» 

_1 _ 

Sl7C of j 

l><-liv(T\ 

! * * 

! iJciivrry 

1 

Ht»urs 

\< iil ilt‘ltvf»n i1 j 

in f'lii^ pel 

1 111 toil's pci 

loipiiml per 

C 

liour, '■ 

j ilav. 

(lay. 

ti 

- ' 

- - 


- 

^iliU^ llCl i rMt. Mllpilllll* tlLu! 

j-iiicli sled . 

,pS-o 


11 ’t) 

(loS per coiit. II.SOp - 

j-iiicli steel ! 

;:(C<S 

! S(K) , 

V *5 

*G.aillai<l 1)1 per iciil^ Milplmiic 
»• ‘iciil. ' 

; 2-iiicli steel 

; ! 

20 '.S 

; 5 (A) ; 

2*0 

Strong illti ir and - - - 

piiieli lead 

111 

2 (>(i 1 

'o '5 

Wcak.nilric acid 

, r.l-iridi i 
eaitlieiiware. | 

.S'.'i 

1 I 

lO’O 


Till' lignies ill the last cohinin are based on tlie amounts of acid 
re.quiied for loo tons of TNT per day. No p^j-ie l,lne shs-iild ever be, in 
use more than lo or I2 hours per day, otherwise serious delays occuf in 
the event of a rejiair being needed. 

*■ As Cirillo pcST) per cent, sulphuric acid constitutes the snfiihuric 
pliarge for both TN't and .VlSiT mixes, it is consequentlv of iiaraihoubt 
• linporta'iice} as fa.r as rale of jirodnction is concerned,* that this acid 
shoulj be rnnanto the mixer as quickly as possililei 

* It should a Iso'be voted in connection witli Ihe ISnes which*'deliver 
' the acids to bejpdded to the sulphuric charge, that a limif exists ,to the 
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rate at wfii’li th?y may b^ to disfliaigr at'id into a mixer. 

Tftis limit is set by:—■ ' ^ 

(a) Tk^ raUiaUwhich Ihcyitii can be mi^ed, wilh tlic (icid.ahvi/dy in ' 
^he mixer. —This ease will be til-nled laicr (Nev 

(b) The rate (if dei<cJ6pijifiil uf heat in the tih.\'an& nbo Ihc rutc^of 

pooling ejfected~(r-\i Js desired to eoiitrol ^lie ^temperature of lliv 
mixing acids, i? is advisable^lo re^triei tlie l+ow of acids to tli(;^ii^er yi 
order to rundur ^InitcjssiV u;‘the uud\e rflcNcl^'SU ur (•'»lient^ A 2 iiieJi 
weak ni’trir tfe-^d^jlineJs'arspl^;' in site, for exam!)le. witli, 4 i lino 

of this si/.e l'.- 4 u(.)t'p()ssil)le to u»n in tlie^te ifl lonlimiJmsly, an’d a 
larger line imglli,be,i'vc'u di^nger.'us in^lTie hands of a i-.-^ieh ss ojK-ra 
tive. Tiiis being so. if a single ’*inc!i line could not cnjie with the, 
ai'Sd to be iifixcd, it would be better to postal ..1; e\tra > iiu h Ikie thad 
fo re]‘)lace the 2-Im'h line wdh onf- of laiger s^/.y. ^Sfieetling u|i is some¬ 
times jtossible, however, I'ven witti nitric aciii Ihies. 'I'he i*ieni>i hue is 
on the. same footing as’till'; lines for nitric acids. Oleum js addl’d to 
the mixes last of all, and the aim is to add/t a.s slon lv as jv.issible; 
under these circumstaiu es a slow debveiy is an ailOuilage. 

,, pRKt.lMlNARY MlXINI,. 

General Arrangement of prfeliihinary Mixing Plant. — I'iie .iccomp.mving 
illustr.'.tion, I' ig. it), shous the arrangement of t he‘acid-mixing |)l.gn*l dn 
the 'I'NT .'\cids Section at Queen’s I'Criv. I'he plant consists ol 5 mild 
steel acid-mixing t.inks,* each 10 feet ui.iincti'i 5 jeel nu’an ilejith, a^s 
detailed i:.-F*ig. 17. Ifa.h mixer Is fitted with a stitring gi ir of the 
Itropeller type, and -| mild steel cooling coils, the hnulion of the 
latter being to take up the heat gei. 'rateil in mixing, the aeids. 1 he 
vertical projieiler sliafts are driven by ipiarter twist IkIIs fiom eluteh 
])nlleys on a line shall driten by a hell Irom a motor; tlie ii,ii( shall 
runs practic.ally the full length of the hnihiing. Cooling waiei is 
supjilied from a .pineh steel maineliiiped to the main slanehioiiS'01’ 'die. 
building, and from whieh 2 ineh bianehes are lakeii .to a ring main 
encireling the top of I'aeli lank, eonneetions-Irom the ring main being 
made to each coil with a vaKe controlling ,',h.o',piaiit ily ol wa-tci 
through c:ich coil. Aflei passing thron,gh thecoil tlie water is ilisi’liaiged 
•into open funnel piju's tiiid theme into ling mhms ciu'irclmg the liink 
foundations, llu’se mains diselu'irging into gnltirs in the llooi. I'loni 
eacli t.'ink ;i 4-;nch stonew aic fume jiipe is ttiken oil n 1 an S inch di.'imeler 
fume main Innning 1 fu’ full Icngthof 1 hi’ IniiIding, ;ind su|)|)oi ted on sic’i 1 
runners about j fei't ijinchi's high and sp,iced about 7 f*'' ! *’ inchesc(’iftrc. 
to centre. Tliis pipe is hiid with ti slight f.'ill tow.nds one end loi; 
drainage, find -is conneclc'd to the linin' sNsieni ol the nitiie-acid pliint. 

It shoiikl be noted that tlie sticngtl'is of ai iHs and si/esof i)ip<* 
lines indicated in I'ig. if) liavi’ ie^some cases bicn changedthese 
’ alterations tire set out in the Itible on ptige b2. The imiin fon pi pei 
cent, acid is clippi’d to the stanchions ,if the I'nihfinu as indicatert in 

't his lumilK-r w.is liicri'a’scl kiler to’7. 
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Fig. iG, wliilst tliV other mains'are carried'an wooden trestles spaced 
\2 feet coni re fo centrer T«-.vo-ijicU brarK:lies are taken to each mixing 
tank from each of'the five acnl mains rere4‘¥.'xl to above, the connections 
at tlie^'ink^.b(?ing madt? vvitf^ stimcvvare sockets, hi alf casef^the inlet, 
pi|)es'must be taken vvey down into thcitanjcs and allowed to discJiarge 
01,1 to a stoneware 1,ihj suirported from fhe bottom of the tank on a_ few 
brii:ks. ' , . # < 1 ' ‘ 

The outlets yf the five mixing t^nksare eaci) contnjlfed b 5 ' a '3-inch 
cast steel valve, and are ciiiipied toge. hcr into 4-inch'ma^tis, ontTo” MNT 
mixed*’acid niid the other for TNT mixi'd acid./ To^thc foniter are 
connected two 3-inch motor-driven Douglas pumps, one fo'l operalitm 
and one for spare, and to the*latter yrt connected t'mee similar .pumps, 

, two,for ojieration and one for sjiare. Cast iron cocks arc connected t^ 
the suction and dcliv'Ty end of each, in order that any pum])may becut, 
out for lepairs. These jiun.ps discharge into 4-inch steel mains<leading 
to the 20 feet . ; J2 feet final mixing or blending tanks (blenders). 

The I’.oors of the mixhig and punijr houses are of acid-irroof brick 
laid in tar and fireclay, ttie mixing-house lloor having a slight fall 
away from the ])um]) house, and the. lloor of tlie. latter having a slight 
fall away from tlie mixing laiiks. The foundations of the lattSl^' are 
ciicidar in form and consist of an outei' wall of, acid-pioof brick Idled 
in with brick rubbk' or l o.ii icle, a pocket being left in each foundation 
for t!i('disc'liarge pipe from tI k- tank. I’ump fouiulalions an' made fo 
stand at least 6 iia hes aiioyc' the lloor line to protect the base of the 
pump from acid. In thi> case of the mixer, however, fhe solid base has 
the disadvantage of hiding an\ lealo’ge of acid whic h ma\ lake' plac'e 
through th(‘ bottom of the mixer. Sui:h leakage is most hkely to lakr- 
place through the bolt holes through whi'h fhe mixing cylindei is 
bolted fo the mexer base. 'Ihis has actually happened in rme or two 
cases, .and necessitates caitting the c'onciete foundation .away in order to 
replace the defejetive boll, 't he foundation of one mixerw.as ultimately 
remc ved entirc'ly and the mixer placed on steel girders rerstiug on '.)ric:k 
inllars.a prac lice whi h has since bc'en followed in the erection of new' 
plant. 

The epu'stion naturallv aiises wdiether there is an\ rather gain in 
the new airangc'inent olhc'r than that of rendering the base of the 
mixer easily accessible fer observaliccii and re|)air. The heat radiation, 
losses have thi'rcfore bc'C'ii delcamined for a 'I'NT mix made in a mixerr 
fc'sting (a) on stc'cl girders ;ind (/)) on a concrche base. The, mixer in 
each case w<is allowed to cool with the water shut .>11 from the cooling 
c )i’s. 

(f/) F.'dl in lemjieniture in one hour was frcmi C. to 40'Cj° C. 

1 empcratuie of i utside aii - -- (f C. 

Weig ht of acid in mixer - — 18 tons. 

.’. Herd radiated in one hour - — 18 X 2,240 X i'5 X 0'36 C.II.U. 

21,773 C.H.U. V 

Surface of mixer - - - = 31G scjuarc IVet. 

.'. I, OSS of 1 .,'at p'T sepiare foot 
. per hour - - • ---68'i) C.H.l'. 
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.m\temperaitutQin one HSur was from 41 •^®C. to 40‘4‘’C. 
3'^petatU&re of outside fir - = 6* C. 

Heatiradiaiecf in on* fious ■ = 18 2,^4P x i‘4 <^*36 C.H.U. 

' , . = io, 32 i C.H.tf. 

Loss of heat per sqifare foot , • 

, ’per’hftur- ^ 64-3 C.H.U> 

It thys ap|)Alr4 thf*? thfe gaif!, id cyoling^eflecl ^is aitnost negfigible, 
►ince tlfe.O’l® di%!renrp*ip fall <».temperature is within flie lijjiits ftf 
5 xperidient^^'^r<pr. 

TwAyiln nt*ptoHniirtki>y*Mi 4 ftwi-—p'ij. ] 7 sJiifiws somj of tlw» detaiJs of the 
^id mixing ianks.* These are 10 feet diameter .with^a •mean d^pth . 
?f 5 feet, and are provided wi,»h an iviWrnal stirrip^J Sf'ar, consisting of 
a steel propeller working witliii a Chamber.* Above the cliamber d- 
disrupter is fitted to tfe^e vertical pro*peller shaft in order fo« break the 
:ore of*all liquid eraergipg from the propeller^ chamber, a Ifelter mixing , 
affect being thus obtained. The acid is discharged from the brtttom of 
the*tank through a 3-inch diameter elbow, to whiclf is fitted a regulus 
raet4l‘plug-valve operated by a lever attached ^to tlie top of the lank. 
Tile top of the tank isncompletely covered by a steel cover, the latter 
being,provided with rfe i5-iivcli» diameter manhole and coviir and the 
necessary inlets for the admission of sulphuric*acid and»weak.and 
strong nitric acids. In addition to these <meflings a 4-inch didmeier 
opening is made for the eduction of fumes from the acid, and also two 
glands are arranged for the passage of thfc^ilug-vajve rods^; these glands 
ar^ packecl loosely with asbestos fibre. Each tank is fitted with a 
gauge glass and cocji, the cwnnection between the gauge glass and the 
tank being controlled inside the hiher by means of g. small regulus 
metal plug-valve operated by means of a lever gear. The vertical 
stirrer shaft passes through the top cover of tlid tank, Uieapertfire being 
closed by an acid seal. 'I'liis seal is partially filled with sulphpncjiigid^ 
to prevent the admission of moist air to the contents of tlit»tank. , ^ 
The life of the wrought iron propeller is about 5 months. Observa¬ 
tion of the propeller has shown that the. blades J)ii;c(Mn(i dangerously thin 
towards the end of this period, and cases are known where the premature 
destruction of the blades has been directly^respomubk* for short life of 
the cooling coils, d he state of tlu' propeller is most important, there¬ 
fore, from the point of view of rapidity and completeness in mixing, 
anci also of wear anc^ tear of jilant, and its periodical inspection is most 
essential. 

Coosidsratiojis involved in preliminary mixing. ''ITe asjiects requirinff 
cbns’ideration ris regards the preliminary nfixes ar(4as follows 

(1) The’actual .liixing togethef of the sejiaratii acidS to, produce 

j a homogeneous mixed acid. . • 

(2) Tl^e development of heat during tlii' »mixing.or the sepafate 

• , acids. , j 

^3) The removal of this heat. 
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FroceM of miiing mWeIiP'AicUs. —T|}^e are two tast^ p{ the 

effectiveness oi^any methoc^pf mixing,wi*.*:*— • 

(a) The nitric acid (parficularly if^it is weak) mhst be mixed 
^ into the sutpttirir* or phr^ially mixed Acid sufficieiitly 
c]uic|ilj»,to* prevent the seripus'corrosion of any part of the 
mixer, ,wlncjr jnight otheswise assylt from its contact with 
anmijfed nitric acid. 

»(bj The mix must bexome ugif^rm i 5 i comimsitjcfe as rapidty as 
• pos8ibl«. ‘ 

.ThPe firs^ point is qiyte as important ds,the sqfjond. f’or bsaqiple, 
it is quite possible in practice to add the nitric acid* at«faster^rdte 
than ln« mixing can cope with.* Attempts‘to speefl up tile m:^ing by 
running nitrk- acid simultaneously from the strong aiod wdak nitric aci^ 
mains Have proved .quite unsattef^i tory, as the mixing arrangement 
hot efficient enough ^o wix the doidile bulk of nitric acid at once. 
Nitrous fumes from the fume-stack bore witnes^ to thccorrosion that 
was taking (llace, but thejfuming ceased immediately when the*supply 
of eithef strong or weak nitric- acid was shut oil. 

The mixing gear .—Rapidity in producing uniformity of cpmiposition 
is brought about almc^st entiVely by tlie ]jropellcr, the dimensions of 
which are given below'. The mixing cylinderf the toji of which* is 
34 incdies from the mixer* liottom, serves t*) direct the rising str^m of 
acxdj and dn impellef (disrupter) on the same vertic;al shafting; as the 
propefler, Ij6 inches from l 4 e top of the mixer, is set very roughly so as 
to beat the acid down, and serves mainly to break uji the acid currents 
due to the propelldr, which lAiglft otherwise prove too ;}iygimetric-al. 
This would ceitainly prevent anything in the nature of a thoroilgh 
mixing. ^ . • , 

It is tlie injpeller which is mmnly resiionsihle for the first stage in 
mixing ; the propeller would give by itself stream-lines of unmixed 
nitric'acitl. 'I'he inipeller renders the mixing far more turbulent, and 
Jh»r«ugbly beats the surface acids together. The fact that streaftis of 
qnmixed nitrtc acid f»re actually carried up through the mixing cylinder, 
especially when tlie upper .level of the acid in the mixer is between 34 
and 4^inchesf i.e., brlow the impeller, is shown by the fact that several 
lead coils have, been “holed ” about the level of the top edge of the 
mixing cylinder wn the sides^facing the latter. . 

, Rate of mixing.--A very useful figure is obtained by determining 
the time taken for the total contents of the nvixer lo pass through the 
mixing cylinder. 'I'his is arrived at as follows * 


« 


Radius of propeller - ’= 7 \ inches. 

Pitch of propeller - - = i8| inches.' 

Volume of acid .raised during 

one revolutioif* - - - == x (7})* X i 84 = 8,056 cubic 

■ * inches. 

I Allowing ^ 10 • per cent? for * « 

slippkig* .. *-^ - - = 306 cubic, inches. * ^ 

‘ I’sing tins type of stirrer, thj actua*! figine.Js probably nearer 30 per c^jit. 
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• 

Voluipikof acid actually mixed •« • 

per revolution - t*, , = 2,750 cubic inches. 

Speed of stirrer - - . = 200 rtp.tn. ' 

Vdlun^p of t acid raised' *per . , , 

minute ' . ~ ♦ * - = 550,000 cubic pche 

Dimensions of mixer , ‘ = lo feel diaftiefer k 5 feet deep! 

VoliyTle of,acid .in a full mix • • •. 

* (SJiy^of 6 in*chei»dip). = y X (5)* x 4I cubic feet = 354 

1 ^-ubi^’leef. * ^ 

•l^ime re)|uii%d for a* complete circuhilion = ^ 

‘ • 550,000 

=i*o7 secB. » 


Praclicft’shows that nine circulatioi-^,'with tlieiielp of the impeller 
motion, give a uniform rr^ix, tlie required,tvme^ being 10 minutes. * 
Under^n^circumstances^is a mix allowed to be pumped aw^v itiitij at 
•least lOjminutes after tlie last of the nitrii' acid lias been addecl, 

The velocity, ignoring slip, of the acitl through the pmpeller 
chamber is:— • 


„ Pitch of propellet - - . *181 incjies. 

* Speed of stirrer . 200 r.p.m. 

.'Velocityof acid througl*i)copeller • 

.chamber- - . 18I. ’x 2»o = appi»xiraately 

6(i >^I2 5 ^feet* per 

second. 


.... • * * ' • 
'This rare is sulhcieiitly rapid to be seriously inlerfered'w ith if there 

is not enough free sp^ce between successive tum§ in the cooling coils of 
the mixer. It is quite clear that the c'sils present a cerrtiin resistance to 
the flow, and in the case of one consignment of coils received the space 
between successive coils and the free sjiace between the lowest ♦oil.and 
the bottom of the mixer were too small. As a result, the coils showed 
distinct signs of being scoured by the stream of circulating aci 3 .* Tlie 
free space from the lowest coil to the bottom of the mtxer was in this 
case only to 3 ini'hes, and the lowest four or five coils we;e eventually 
worn away bejamd hope of rejiair. It 'is foiirtel*a 5 visablc to allcAv at 
Igast 6 inches of free sjiace below the lowest, coil, and the distance 
;• between successive turns should be, as a mirfimum, ig inches. 


Developmeol of he^t during mixing. -The confrol of the temperature 
of the mixing acids forms a problem of great importance, in practice 
this resolves itself into balancing the shfety of the jilanl against the 
speed in mixing. From the latter point of view it would seem advisable 
to •permit tTie lieat to develop as rapidly 51s poslii^le, since the rate of 
cooling is approximately in inverse ratio to the diSerence between tho 
temperatures of the mixing acids ai\d the cooling Water.* Ffom the' 
■'point oS view of plant safety, however, a limit must bj» set upon the 
maximum temperature which the mixing} acids, may b^‘permitted»to 
reach.. Thjs follows for two reasons, viz., to^decrease corrosion pf the 
'mixers and coils, and to avoirf.loss df nitric aci<] fhrou^^h overheating 
of the mixed aciti. In practic-e, the uppbr limit of tlje temperature 
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which mixing eoids are allowed'fo attain is takoi as a];X^iOXiai£tti^; 
40° C. f ■ ♦; 

The heat developed during the mixijag of acids may be said to be 
due to th^ levelling u^'of‘the'dilutit)r)s cff the add# mix#d. -Iw tWS, 
sulprhuric acids ^re, niixed, thfeir dilptions are equalised; but ^when 
nitric acid is mixe,d wifh, sulphuric •acid', «the mixture can,hardly b^ 
regarded as cme of nitric acid ,and sulphuric acid pf yjual dildtionsf 
The dilution of the latter ftiust certainly oe rsgard^dfas the gftater of 
the two. .The heat, developed,'found by experiment, oecppies an 
'intermediate position 'between that which'woujifl be de^elo|)4dJby an 
actual equalising of th*e two dilutions, and that 'whiah would! be 
developed if all the water \^4pre coiphihed. with the leaj^ing the ' 

nitric acid as HNOj'of 100 per cent, strength. 

The manner in'Which the Reat develops is most readily grasped by 
'considefing,what wotild" Ifeppen if the mixes were made in tbs absence 
of cooling of any kind. 

“ Characteristic ” temperature of a mix. —A' distinguishing feature of 
all mixes made tvithout cooling of a sulphuric acid with angther 
sulphuric acid or with a nkric-acid of highes- dilution Is the fairly 
rapid attainment during the addition of the lir^ few tons of the vveaker 
acid of a more or less < high temperalfir^.. 'Fliis temperature i;p,mains 
p/af'tically. I'onstant during the addition of the remaining acid. 

• The following examples of miniature mixes made in a beaker 
illustrate this point quite deafly. ^ 

Example' 1 .—Mixture of 98*5 per cent, sulphuric with nctric add of 
approximately 50 per cent, strength. 

TemperatijA; of nitric acid 2^^7° C. 



Arid. 



'ioiii()erature after 



Temperature attained, { 

1 

correction for n<d>ation 
loss. 

g8' 5 per cept. 


50 per cent, 
'nitric acid'. 



sutphuric acid. 

* 4 



c.c. 


C.c. 

"C. 

°c. 

400 

V 


22‘2 

22*2 

400 

+ 

50 

62-5 

62'5 

400 

+ 

" 100 

7 V 5 

78-0 

400 

+ 

150 

82'0 ' 

' 87-7 

4 CX) 

+ 

200 

87'5 

940 

400 


250 

900 

98 'O 

4 400 

+ 

300 

90'2 1 

99’7 

400 

t . 

■ 350 . 

^'2 1 

- *101*7 

400 

' *' * 


400 

—--— 

88'o j 

^ 102*0 
% 


t ^ 

If is quite obvious, therefore, that it would not be practicable to 
, permit the atfainnient'of the temperature indicated.' But, as will be 
seen later, tW figiire is extremely useful to the acids mixer ia-indicating ^ 
to him the essential 'difiBcultips to be overcome. 
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:fi*af»jpf«9^/,-»-Mixture of q 8‘3 per cfewt. sulphuric ackJ with 8q*b per 
cenf. jfitric acid. »• 


Temperature of nitric acidyao: • 8° C. 


^ Temperature aftef 
correcuon for radiatic^ 
loss. 



Tiie' figures given hbove, which were obtajned by mixing the 
voluhiSs of acids mentiorsed in a 1,000 c.c. beaker and ni.akiiig a simple 
radiation correction, mav be reg.'wded as correc.lrlo within 2°-3° C. • 
It is,obvious from tfie two examples given, and it follow.^ directly, 
from a theoretical consideration of the heatSaof*dilution of sulplftiric 
and nitric acids, that the temperature attained is higher the greater the 
difference be|w,een the dilutions of the Sulifhuric and rtitric acids. 

The comparative steadiness of the maximum teinpe,rature attained 
is due-to the fact tluyi when that point has been reached, the heat 
evolved by the addition of further nitrlt’ acid is just sufficient to raise 
its temperature to that of the rest of the mix. 

This temperature may reasonably be called *the chavacterisHc tem- 
peratuife of the mixture concerned. It can be found very easily, «a!i 
has been described, and when obtained it is an indiuation of*- , 


(1) The amount of cooling surface desirable to c ope with the 

heat evolved by the mix. . » -, * * , 

(2) The time required to complete the mix and reduce the 

temperature to one suitable for puraping. > 

(3) The difficulty of maintaining at alow figure, by cooling and 

otjier means, the maximum temperature attained during 
mixing. ’ 


It is necessarj', however, to distinguish plainly between— » 

(a) Tlie characteristic temperature of a mix, which is, the 
, ’ temperatuie which would be attained jf the second acid 

were added in the absence of any ceSjling whatsoever; * 

>1 • •.'’•an < 

and ■ , . '... 

The actual temperature attained during practh'al mixing, 
which depends upon tlie efficiency of.coolinghnd the rate 
al which the second acid is addejl.. 
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THEORY ^ND PRACTICE OF ACID* MIXING. 

The diaracteristic tempe^^iure of mix is' nof absolutely 
constant, buE varies .wfitli .the initial temperatures of the unmixed &cMs. 
\The heal-rise is the'constant factor, and.^ome might prefer to call this 
the phara(;teTistic feature bf the prdt^p^ss. ' It is,» however,® more corb 
veifient for the a/.:icfe njixer to think of tlft upper limit of temperature. 
,which can be.reac;bed ; Ahjs can be made a coastant by expressing it in 
terms of acMs, the” initial temperature of wlvicH is ^'averaek say,’ 
io° ( 1 . ‘ 

.^.fjeclof the charatleristic temperature„uppn mixing .—The ht^her the 
chkractcfisiic temperature the greater the difficulty imke^ing at“aAow 
figure the maximum temperature, attained cUiring * mixing. Thee 
difiicuTties _ ‘due to high temperatures greatly increased • after the 
reduction in water content of,^ TNT mixed acid from 4'6 per cent.'to 
2*7 |)er cent. In the fqrraer case the acid was mixed almost entirely 
from (Irillc gS’b per‘cent, sulphiric acid arid retort strong nitric acid of 
about 90per cent, strength. Under these circumstances the cparacter-, 
istic temperature did not exceed 50° C., and c onsequently the difficulty 
of overheated mixes did not arise. The revised specification for TNT 
mixed acid means, in effect, the replacement by oleum of 25 per cefit. of 
the 98'6 percent, acid formerly used. The characteristic temperature 
pf a mix consisting of oleum and stronjj nitric acid considerably exceeds 
100° C., (i,nd in order to’kcep down the temperature of these mi'xes the 
oleum is added last of all and in small qu'intities at a time to the other¬ 
wise completed mix. ' 

Another factor which increa.sed these difficulties was the higher 
working elliciency at the denitration jilant. This resulted in' the produc¬ 
tion of greater quantises of weak nitric acid, which it was necessary to 
reintroduce into the acids cycle fn the form of MNT mixed acid. For, 
whereas the latter was formerly c omposejtl of (iaillard 90 per cent, 
sulphuric acid and retort weak nitric acid of 70 per cent, strength, it 
aftTwards became necessary to mix Grillo qH'b jiercent. sul|)huric acid 
with 50 pm cent, nitric acid recovered at the deiiitrators. The effect of 
this was to raise the characteristic temperature.of MNT mixes from 
35° C. to a k'mperature approaching 100“ C. The former mixes needed 
little, if any, cooling'; ‘the latter need prolonged cooling, and cautious 
addition of nitric acid.. 

'I'hus, both c hanges have operated in the same direction, viz., to 
throw an increased burden upon the cooling capacit)' of the mixing 
plant. 

Gaoling ol mixes.—This involves the consideration of— 

(1) The total amount of heat to be removed from the mixed 

acids. 

(2) Sources of cooling, inbluding a consideration of the relative, 

merits of steel and lead coils , ® 

4 I 

r(3) Factots determining the rate of cejoling. 



l*fclfLlMINARY MIXINU. 

It K cwflv^ient to deal/irst will!*tiie factors deieroiming tlit^ rate 
of •cooling. Ti'ese are, apaftfTrdfn tlic cou^ng capacit\i of the coils 
used, Jjriefly as follows‘ - • ^ 

(i) ^he maxinlum tenmerature.pfrniutecl during tht progress of 
a mix. * • 

, (2^ fThe ^empqj^'atftre* at wliich a mix w considered to be cdol 
. , , enpugh foi*puniping to tlu* blt^iders. ’ 

*••••. • • 

Maximum tfmp»yalure**aUaine<}^ chirin/f j)!f.v/(»^'.-^Supidcmenting 
what Jias already becft saidroft this subject, it is clear that, \\;itji a«planf 
woPkrng at ftjll capacity, mixes* must <>f *iecessity attam a higher 
temperature ih sumntbr thannii winder, sincx^ this tcin])eraiure (Impends 
ujion— ’ . . 

• * , 

initial tcmperaturevif Uiet*acids mixe’l, wliich may vary 
...s much as 20°*C. * , • • * ^ ^ 

((}) The temperafure <)f the cooling water, which may f^ary 8* or 
■9'’ C. ■* » ■ ’ . 

(c). The heat liberated in the course of mixing? wliich is the only 
^ constant factor. , 

r, " » 

If it is insisted that*the same maximum temperature shall obtain 

wintenand summer alike, tli^ri’the time takeieto cool will be as much 
as 25 pfjr cent, greater in sumjner than in winter. > * . . 

The really important point is to sbinclardise the maximum 
temperature and kcej) all mixes as close as possible to this maximum 
temperatur** from beginning to end of fhe mixing proce'^s. Fhe. temi 
perature should be fixed as low as is com])atible with mixing off the 
requisite quantities (.f acids. ’ Unifonjiity of teniperatu|e in mixing is 
the ideal. 

Temperatures ai which Acid may be pumped.—'Tina depends upon- two 
factors :— .. 

(a) The maximum temperature at which mixed, acid may fie, 
received at the nitration houses; this is about 25° C. At one time 
35®-40° C. was regarded as a suitable pun'iping temperature,, and 
experience showed that acid pumped into the blenders at 35°-4o‘’ C. 
ffeached the liitration houses at a satisfactory‘ tempeiature, radiation 
losses in the blenders, pijie-lincs, and storage tanks being responsible, 
for the drop in tempprature. ’Ibis was not tlte case later however, as 
the speeding up of the process reduced the time which elapsed during 
the progress of the mixed acid from the hiixer to the nitrating vessels'. 

fb) Variatiqn of corrosion with temperature. —'r'his jioint is important' 
and has mad^ itself fell mainly in connection with ('he pumping of ac id. 
Until the pumping terttperature was reduced, constant trouble waS 
experienced through the seizing of Ihe pumps. It is mow ta^i^en as 
about 25° C. Ncoacid is ever ppmped from a mixor at a. tem])eratiire 
exceeding this, and very little pump trouble has “been experienced since 
the intjod&ction of this rule. \ 
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L ■ t ' ■' 

Total amomt of heat to be %issipate<L-*-Thh -can no#^ba lound. 

The calculatwn wiU^e in term%‘of the amount of heat t<^ he . 

^removed per week,'on the basis of an q^tput of 700 tons of Titt pei:; 

week. 

f 

< ^ 

TNT mixed Acid. 

Tannage ot adds mix^d = 700 x 4'8f= 3^360 fonjt " _ , 

‘The heat-pse was, determined fcxperimehtally BV mixing together, 
, in a,^beakfer relative quantities of the acids required. 

' fIe£tt-<’-ise = 20“ C. Ao 77° C. „ V." , ' •. 

The acid is cooled to' 25° C. before punyiing dfaway to thei 
blenders. Hence, the heaf to bofremoVed is equivalent toi the heat 
which, the mixed acid would give out in cooling from 77,® C. to 25®'C., 
i.e., 52° C. * > <- 

Specific heat of'TNT mi.xed acid = 0'36. 

H'eat to be dissipated - - = 3,360-x 2,240 X 52 x 0'36 

QH.U. . • 

—140,900,000 C.H.U. 

MNT mixed Acid. 

Tonnage of acid mixed = 700 x i.’bfl - - = 1,134 tons. 

Heat-rise (determined experimental!;^' as before) = 2o®C.,^o 99°C. 

' Heat, to be removed is equivalent to the heat which the mixed acid 
would give out in cooling from 99° C. to 25° C. = 74° C. 

' Specificjieat of MNT mixed‘acid — 0‘46. . ,, 

Heat to be dissipated - - = 1,134x2,240x74x0-46 

'■ C.H.U. 

• --86,470,000 C.H.U. 

^ The number of mixers allotted for the mixing of each mixed acid 
shoiild naturally be proportional to the relative amount of hea,t to be 
•di&iphted in the c.^se of each acid. Thus, with seven mixers avail¬ 
able, the best f rradgement is to use three for MNT mixed^'acid and 
the remaining four for TNT mixed acid. 


' Total heat to be dissipated. 

Total heat to be dissipated per week (140,900,000 + 86,470,000)' 

C.H.U. < 

= 227,370,000 C..H.U. 

.'. Heal to be dissipated per day (for 

" a 6-day week) - - - . = approximatelv 38,000,000 

C.H.U.* “ »• - 

Source^ of coding. —These are two in number :—. 

(i) The loss of heat through radiation and conduction,from the^ 
' mixfcr i(self. ^ 

.:,/2) The heat removed by the water passing througl\ the cooling' 
doils.' 
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Heat lost hyii^qdif^tioii from the Mixer.' 

This quantity has been determined ^V* allt)vvjng & nwx to cool* 
do'wnVit^the v»ater,shut off from the eoolwg.coils. , ' 

^ . Fall in temperature in ^ne hour »was fronf to Ad’oo'^C. = 

50* C. , ^ . 

Tempiratufe of outside air - = 6°.C' * * 

•Waighjt of Acj^ in m^ei* j=,i8’ton»of TNT mixed acid. 

, . i^feat radiatefl,in Onc'Jiour - =iilix 24^0« i;5 >4 o’3^C.H!U. 

. * • » . • —"21,773 C.H.U., say 22,000 CJH.U. 

• Surface mixer - *- - =*316 squaij^ feet. 

of heat jfer square foth pt surface jier ^our 68'9 

q.H.u. • ’ * . . f * •, 

The heal lost in this way is approximateJy^GJ.per cent, of the total* 
heat removed during ip^xing. • . ’ 


• • 

Heat removed by the Water of the Coolinf^Coth. 

*At.tfie time of the j-losing down of the Queen’s Ferry mixing plant, 
fivft the seven mixers were fitted with lead c 4 ils and two with steel 
coils. It is therefore ncAssary to ascei lain the cooling eflic iency of eacli 
type oPcoil. • * •* ^ ’ 

(a)»Lead coils .—In order.to determine the ^oi^ling efficiency pf'tlte 
lead coils in use, the rate of cooling vv is deHerinined for two standard 
mixes, viz., for— ^ , 

• (i) pB tons of TNT mixed acid, and for 

(ii) i6 * 5 tons of MNT^mixed acid. 

The first of these dcterminalions>«vas made in a*itiixer provided 
with four lead coils, and the latter in a mixer with three lead coils, the 
fourth coil having been disconnected on account of leakage. • , 

, (c^ The results of tlie TNT mixed acid have been tabukUed «s. 


follows 



• 

• 

• • 

Time. 

• 

l>iTi|XTntun' J'inal temponi- 

of mixed lure of 

and. cooling water. 

Time. i 

1 

1 

• JVij^ixsrature • 

mixed 1 

arid. 1 

• • • 

Final tempera* 
lure M 

cooling water. 

Min. 1 

X. . X. 

Min. 

• "C. ' 

*c.* 

0 

•42 '2 • 1 20■0 

18 

34 s 

— 

2 

41-1 

?o 

34 ■! 

i5*a 

4 

405 1 190 

22 

! 330 


6 

39'7 ‘ — 

24 

32-8 1 

H'S 

8 

^8'7 ! i8'o 

26 . 

, 3*1 1 

1 - 

10 

• 37'8 1 — 

28 

•,31-5 ! 

140 

12 

• 37'2 !• 170 

30 

3cv8 , 



364 j — 

* 32 

30 0 . 


16 • 

35,7 16 0 , 

« 

— » 

1 - * • 

• 


Temperature of cooling water qn entering cojls*=^2® C. i&tons o 
TNT miiBed acid were cooled d®wn from 42; 2° C. to 30° C. in 32 minutes 
using four coils. * • 
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Heat given out by this qu&ri- , 
tity of^acid • c - e e - = i» X 2,240 x 0'36 X 12*2. 

= I7fi#l85 C.H.y. in 32 minutes. 

= 332^000 C.H.U. per ° hour (ap 
f proximately). 

Fall in ^lempe'iaturo 'due to " ' ' , - 

rfidiation - ' - , - - = 22,0''0 O.H.lJ.*pe/hour.° 

Heat trapsferred^,tp cooling* ' „ • ** 

water ^ = (332,‘qpo-22;ooo7C.H.ti,' 

‘ ; , = 310,000 C.H.U.,per hour.'^' ■' 

.•.Each coil accounts for o"'’ ^ " 

3l o;ooo 1 77,500 C.H.U. per„hout.«» 

4 - • , 

(6) Results for I^NT mixed acid •— 

_cl_(__ 


Time. 

T<*raj>^raturo 
of mixed 
acid. 

I'inal tempera- 
tun* of 

cooling water. 

Time. 

Temperatinr 
of mixed 
acid. 

Final tempera- o 
tuie of 

cooling water. 

■ 

Min. 

“C. 

“C. 

Min; 

-c. . 

X. 

0 

4 i ‘7 


24 

35 0 

i 3’5 

2 

4 i '5 

• - 

^ 21j 

34 '5 

0- 

, 4 

40 ■•9 '• 

i6'o 

28 

34 'o 

. i 3‘4 

b 

40 3 

0 

30 

33‘5 


8 

398 

> 5'5 

33 

32 '7 

13'o 

10 

39 c 


54 

33 '5 


12 

■■ 38-5 

150 

36 

32-2 . 

12 

14 

379 

— 

38 

3 i ‘9 

— 

16 

37'3 

14-4 

40' 

312 

12-8 

18 

3 t >‘7 


42 

30-8 

— 

30 

360 

14*0 

44 

304 

12‘7 

22 c 

35'3 



300 



'temperature of cooling water entering 
coils - " - - . - - - 2° C. 

i 6’5 tops of MNT mixed acid were cooled down from 4i‘7° C. to 
30° C. in 46 minutes with the use of the coils. 

Heat given out byjhis quan¬ 
tity of acid - " - - = i6‘5 X 2,240 X o '46 X ii’V 

C.H.U. 


= 198,918 C.H.U. in 46 minutes. 

- approximately 259,500 C.H.U. per 

liQur. 

Fall in temperature due to 
radiation - - - - = 22,000 C.H.U. per hour. 

.'. Heal transferred to cooling 

*, water - - - - = (259,500 — 22,000) C.H.U. 

— 237,500 C.H.U, per houi® 


.tui coil accotints for = 79,000 C.H.U. per hoyr. 

This resuF agrees with the first to within the limits of experimental 


or. 

c 




I 9VELI>ANARY mixing. 75 

The siigimarised data/or lead caii^maj' be talcen ps follows 
Number of turns ^ 

Otai^eter ^ceti^re to ce^Xre^ - * ^ • • 36#in<^hes. 

Height of top turn froih lx)ttom of niixet»(/.f., • 

, depth of ac/d ftedbssary* to submagt; co'ri. 

. ^eom^%Iy) 46Vh«. 

!M • ' 

Approximate surtace ol one le:»cl t oil •* -, * - *70 sqtiare feet. 

.i‘* ' *• ’ 

•Froin ah(we, the average rate of dissipation of heat per lead coil 
s 78,35^ C.H.U*. per l»our. 

* * 4 

Cooling efficiency per siiunju lutn vi sunace is iiicreioreapproxi- 
lihtely 1,120 C.H.U. per hour. * ’ 


Thijj result applies* however, only to one particular temperature 
gradient between hot mixed acid and cooHng water (the afverage 
temperature of the mixed acid in the above cuoliiif* experiments was 
36° C. ;,final.temperature of cooling watei' was 20° C.). 

• • • 

Hence, it may be as’^uined with a fair amount of accuracy that if 
the temperature of the mixed^icld be kejit lit ■■36° C. during tt^e process 
Df evolip-ion of heat, then witji cooling water ai,an initial Icinperitiire 
af 2° C. the loss of heat per coil per hour \\ 4 )uld be 78,250 .C.H.U. as 
shown. 


In summer, the average initial temperature of the cooling water 
s 12° C. To secure tjie same coolingellect from the C(,^ils it would be 
lecessary to raise the permissible tcihperature of the.mixing acids 
10° C., i.e., to 46® C. All the subsequent calculations are on the basis 
:)f a difference in temperature of 34“ C. between the acid and’the 
:ooling* water. 

If 40° C. be taken as the permissible temperature, flie rate of loss 
Df heat per coil-hour would be roughly 


78 ,250 X (40 — 12) 

T4h - 12) 


CH.U., 


ussuming that Ijic ratjof loss of heat is j)roportional to the difference 
in temperature between the acid and rtic cooling water. 


The rate of loss of heat then betromes 64,440 C.H.U. per’ coil- 
lour, ^ redufctiow of 17'6 per cent., which is.substai/tial. 

* . * « • 

(6) Steel co»Ts.--ln order to arrivf; at the data required, ar TNT 

nixed agid was cooled down in^a mixer provided with steel'coils. 
The results of the (fteperiment are tabulatecf overleaf. ^ 

• * 




• c. 

. 35 : 5 , 
34 

« 33i5 

{ 33 0 

3^0 , 
, 3 i' 5 . 

'' 31 o 

. 30-5' 
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Temperature of the cooling water entering the coils = 2° G. 

Hfeat given out by 18 tons of TNT mix'ed acid in cooling from 

AA° to 30** C. ' . ' . 

= a 8 X 2240 X 0*36 X 14 C.H.U. in 40 minutes.. 

= 304,819 C.H.U. per hour., ' • 

Heat lost by radiation from mixer, 22,000 C.H.U. per hotjr. 

, .-. Heat transferred to cooling water ,, 

< ■ = (304,819 — 22,000) C.H.U. pel* hour. 

' = 282,819 C.H.U. per hour. 

Heat dissipated per coil-hour = ^ = 70,700 C.Hi'J. per hour. 

Four steel cpils represent 320 square feet of caoling surface. 

Hence, cooling power per stfuare foot of surface 

= 880 C.H.U. per hour. 

Comparison of Steel and Lead Coils. —The results obtained for the 
tWo tyb®® 9^ cxnnpared in the following table ;— ^ 

Temperature- gradient approximately 36° - 2° C._ 


Steel coils. 


Lead coils. 


1. C.H.U. removed per coil-hour - 

2. C.H.U. removed per square foot of surface 

per hour. * 

3. ' Rise of temperature of cooling water (mixed 

qcid ^ing at 36° C.) 

4. Consumption of watersper coil-hour • 


70,700 


78,350 

1,130 


I • 7 tons , 3' * tons 

' « s 


FdV the respective sizes of the coils used in the above’experiments, 
therefore, the total cooling capacity of a lead coil is about 10 per cent , 
gieater than that of a steel coil. The chief reason for .this is the 
^IJer internal diameter of the latter, which seriously restricts the rate 
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.ofe’^ter through the coil. Ifl^a^dition to tius, in the experiments 
Cji^li’aow^'the flow was fnfthef reduced tlyrougl^ wateiilheing supplied 
to steel coils at a consit^ably redfice^ pr^sure.. From the poiiA 
jCi view ol cooling’efficiency,however,•steetciti Is are preferable to lead 
ootk. The other factor whi«h ^etermiftes the clSsgiof^coil most stikable 
tot ase k we^r And tear. It is ^cy{ainjy*not worth while 

«installing steal-ecul^mgrely as regards post,’unless, flieir 4 ife is at lerfst 
three times tha^,oJ lead c-Sils. •Dje aver&gc life of the lead coils* is* 
about dif months, and ■ it *is anticipated tint* by«careful working this 
peri^rfrfaybe prolotiged to five months, althougli it is doubtSul wfi§th?r 
tUfe letter figuret'an be exc!eeded. Three,coillwhich were removed after 
five nfbnths’ constrmt use Jiad .worn dangerously thin,,in plqpes, and 
were quite beyond, repair. It aptiears probable‘that steel coils will 
prove the nfost economical for I'NT n>iited acid, hut there ia v'fery fittle 
data on^his point at present, ^-ead coils *ii« undoubtedly preferable 
for MNT mixed acidy^nd in fact fer cooling aity mix utilising.weak 
nitric acid. In the event of any sudden stoppage of the stiiyer whilst^ 
weak nitric acid is beiii^ run into the mixer, steel I'oils are Seriousl]? 
attgicked at once, but lead coils resist attack mucli*more satisfactorily. 
Agarinr, if through any reason (e.g., leakage of a cooling coil) the dilution 
OP MNT mixed acid, ij'hich is already high, sMuld exceed 20 per c-ent., 
corroyon of lead c-oils is comparatively sliglit, but steel roils maybe 
destroyed by a single ex[)erience of this kind’. , , , 

Steel cooling coils were?successfully used *t If.M. Factory, Gretna, 
in the nitroglycerine acid mixers. T' e coifs are constructed of drawn 
mild steel, to i| inches internal ^iamefer and -/jf t*i { inch in thickness, 
Each coil*h£ts 13 turns, and is supported at equal distances by four iron 
standards bolted together, I'he cooling surface of each coil is 9,750 
square inches and tAe total length jt^2o inches. TIk? coils stand 4 ket 
high and are 3 feet in diameter, with inlet and outlet protruding 
through the lid of the mixer leaving screen and soc-.ket for the connec¬ 
tion io the water main. Experience has shown it to be necess^y to 
jacket these coils where the inlet and outlet armsjirotrude thrbfigh th« 
lid. This prevents fumes, which give rise to weak acid, from corroding 
the coil. Coils which have “ holed ” at flie welds ar§ repaired by 
rewelding and jacketing in a similar manner,•railfi steel jackets’being 
^used in each case. 

Causes and prevention of ivear and tear of cmls .—When the,plaint 
was first operated, in addition to wear and tea'r from legitimate causes, 
a certain amount of destruction of coils was directly attributable to one 
or more of the following causes:— * * * 

(i) Faulty arrangement of the inlets of acid pipe-lines to nfixers.--*- 
* In many cases the incoming stream of ^id impinged directly 
cm to a coil, resulting in a rapid holin'g of the, coll at th4t, 
point. Distribution of the acid inlets between .tlje four 
coils is preferable tp rentrajising them one or two 
coils.* • • ... * , 

^2) leakage of nitric aejd into, a mixei; below the mixmgjevel, or 
when the mixing ^ear was nqt operating ;*failure to start^ 
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♦ 

the stiver before totnm«ocing to nitric acid;«failure of 
the stirring gear through any oaiile. These difficulties hav® 
been 4rgel/ ovVrttjitie by dispensing with the friction 
clulphes origiaalVy installed, * aid allo^wng the, stir^g 
^ear to (derate continuous!/. ,As previously mentioiK^j,. 
no mijier is how allowed t/ rern|^in empty, and a charge 
of ?4i infijies bf'sulphuric acid is run an inj#nedi 9 .tel}»the 
contents of the mixer have^ bee« pu\npeef,J</the Jblending 

t^nk. t I • ' I •* 1* * 1* * • '1 

(3),Bringing hot oteum into contact with the l/»d cool»ng*cpus.-r 
* TSiis is now avoided byiadding the oleum*lasf,of all;the 
acids required for th*e mix. , , . 

N^ention has also” been made, of Smother feature of coil '^lar and 
tear,’viz.,'the lioling tyf coils oh,a level with the top of the mixing^ 
cylinder on the side of, tlie polls nearest the pylinder. An attempt has 
been made to'prevent this by protecting coils at this level with narrow 
strips of l^nd'on the sides of the coils facing the^cylinder. * 

Cooling capacity^ of mixing plant. —The total amount of heat to 
be dissipated per dav was shown on page 72 to be 38,000,000,, C. 4 TU/ 

To remove tliis liejit tlierl' are seven preliminary inixers, nvh. of 
which are provided with lead coils and two w'ithrsteel-coils. 

■ Heat removed jier liotir by five mixi^rs. each with four Icackcoils 
‘ . = 2(5 X 83,750^ 1,675,000 C.H.IJ. , , . , ', •! 

• Heat r(;moved jier hour by two mixers each with lour steel coils 

= 8 X 76.500- - 609,600 C H.Ll. o r n u n 

'■ Total heal remoVed per liour by seven mixers — 2,284,699 L/.ii.Uj^ 

In order to cool the mixed acid required for 700 tons of TNT per 
week, therefore, J.he coWs will be requireci to work effectively for 
hours per d«y. This leave's hours to cover the “ dead ” time of 
mixing, and it will allow one mixer at a time to be out of action for 
repair! Incidentally, this margin will just permit the maximum 
peioTissible temperature in summer to be kept as low as 40° C. 

' Water required for cooling pnrposea. 

5 mixers each with 4 lead coils 

'■ require 3‘2 X 1 )‘x 4 - 64*0 tons of water per hour. 

2 mixers ej^ch \vith.4 steel coils 

reciiiire 1*7 X 2 X 4 ' - - = I3‘6 .. .. >» 

'Total requirements per hour 

for 7 mixers - - - 77-6 ton#. 

Amount of water required jier 
, day 77*6 x i6i - - - — 1,280 >„ 

Assuming summer reejuire- 
ments to hp 20 per cent. 
flboVc tins’; tonnage of water 
'..required per day - ' - - 1.536 .. 

.---, ‘-1-----;— -r. --- 

t ' The figutes taken above for heat removed by each coil include 5 . 5 °° C.H.U., 
which quartpj’ of tofal sadiationAoss from the surface of the mixer. 
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Hie iiiain inslalled can^liveraip to*l^?5o tons perfday, 

wlycK thus gives a margin 2^tuns per day. * 

• ^ "** *■ 

Water supply prelimin^ wixers. —tig. i8 gives* a general idea^ 
e£ the arraifgemAt op the wa'enstipply bipe% at the preliminary mixing 
«pl!!thf. A 4-inch main is run ttie/ull length of tl^e mixing house, and is 
^ ciami^d t* the main stanc hion at«a height o^Q^eet § inches above the 
' Hoot Jevei. Pr^n ^is main^ 2-inch branchy is taken’off at each mixer* 
and is dbnifected to a 2-i»ch ring main encircling the top of each tank*. 
‘From tbi^' ryig tnail| li-iiich connections, centftdlecl •by a gate 
valve^aie made t^ each cofJ.Mie water enterirjg at the bott^n «f JbeT 
,coif at the top, wheticf it is# diswarged into a cast iron 

funnel at the top of rf 2-in< h stand uipe. Tilie discharge b»ing ctfien, it 
is .thus possSJjfe readily to adjust the flow of waler to each cojl^to 
obtain the requisite cooling effei t, 'rjiwfour 2-iiiclfstand pif)Cs fit each 
mixer coanect to a 3-inch discharge ring niai* rouad the tank, and this' 
in turn discharges into*i gutter in th^. floor of the mixing* Uofise And 
‘thence ^ay to the nearqjt drain. The stand jiipcs are cleftte^ to the 
side of the lank, and the discharge ring mains are supported \)fl the 
floopon Wooden chocks with straps over tlie pipes. 


liLENDlNC.. 

Gedbral Arrangement of Blending ISanks.— inej)l?nding plaftt cojisists 
of four steel tanks, 20 feet diameter by i« feet deep, supported on 
foundations of brick and steel. The acids from the jireliminary mixe^ 
are«brougM to the top of the mixing ranks by moans tjf 4-:nch milH 
steel pipes with 4-inch cast iron plug-cocks inserted to control the feed 
of acid into the tank?, the inain feedii,m the TNT tank^being connected 
to that serving the MNT tanks, so th^ if necessary MNA" acid may be 
blended in one of the TNT tanks. The disc jiarge from each tank is 
3 inches in diameter, and is controlled by a 3-inch cast steel Qdinan 
valve. Immediately after passing the valve the discharge .pipi *18. 
increases to 4 inches in diameter, and the TNT acW digchal’ges are led 
• into one 4-inch main and the MNT acid into another 4'iiif‘h main. 
From these mains the acid is pumped-to stoi»igeoby meflns of .^-inch 
motor-driven Douglas pumps. In the event of a breakdown of the 
, flumps the acid can be gravitated into ,eil(ier of «two blow-casks 
' (Fig. 21) set in a pit outside the blending house, and by means of which 
the acid can ,be bloym up into the storage tanks. The walls of the 
pit are of brich, and are extended i foot above ground level at tlj^ 
top to prevent surface drainage from g'aining access thereto. The "pit* 
is covered with loose wood boarding as shown. ^ 

*Tlie building housing the plant con.yists ofj^a main span, 26 feet 
wide by 73 long, which houses the mixing ifinjrs, wi^ g. l^n-tbi 
span 10 feet wide by S4 feet 9 inches t« house the pumps.. The bnilding 
' isof tiAber throyghout and is provided, with wooden gangways over 
the tanks for giving access to inlet valves, **&c.^ and ,with motor, 
platfdms.® In the roof of the lean-to over the^purnjps a ydsch by 



4'mc|^ rolled steel^olst is iastallls^ to serve ^ a 

for removing pubps when nece^arv, giisiar 

bent angles rolted to 4 he fMteis or the lean*to roc^. The pubp>;house 

Vfloor is of acid-^roof brjpkjlaid.in tar.ahfl^/ifeclayjan^ the floor* iew4 
of the bleadiftg house.is 6 inches above? yie surrolahding 
and is paved in a sftnilar manner to the pump house. • ■ _ ’ ■ 

• * The general ajrangement of one blendifig tanh is shpwh In Fig. 19, 

t pefli^ ol Blending T!an]fl--TheJ}I«nder^s 2t> feet diameter hyiit feet 
deep insidi;, and is built up entirely of |-iitch stee! plates with dcaible 
Riveted Iqp joints, thekide plates being connected'to the bbttbjp plates 
W'raeans'of a 5-inch*.by 5-inch by. g-iftch steel •angle (Fig^ So). 
The top iSj,encircled by a, 3|-inch ,l)y ^-inch by i-irich an^e ring, 
and,^is* provided with a cover of |-ihch steel plates whidi arS attached 
tolhe angle ring by means of ^-inch bolts. The cover fs built up'^f 

• 12* radial plates ^ijh ,sipgle-rivhte4 lap joints, and a centjal plate, 
7 f^t ifi ^iameter, in the centre of which is a Jiole 3 feet inches in 
diameter. tThe cover is provided with an internal drip ring*formed 

• by a c|-incli by 2^-inch by ^^^-inch angle Viveted on, and with a 
15-inch diameter aianhole frame and cover. The manhole fraipe, which 
is of cast iron, is made with, a recess about 2| inches detep in which 
rests a cover of J-inclr steel jdate. The recesses filled with sulpliiiric 
acid which forms a seal,,so that rnoistufe^hall not obtain acces^to the 
• tank, li^addition tcj the above, each cover is provided with two 5j-inch 
openings for admitting, the pipes supplv^ng gS-fi per cent, sillphuric 
acid and 20 per cent, oleufn, and one 6|-inch opening for the admission 

the mixed acid pipe. Oue^nild steel patch for the connection of an 
air vent pipc*is also provided The tank is fitted with a 3-boh bottom 
discharge closed by a rcgulus metal plug-vplve. 

Agitation oT the contents the blender is elTecled by means of a 
propeller working witliin a cast iron chamber, as in the preliminary 
mixt;r. ,The propeller .is attached to a vertical shaft 2J inches in 
dianieter, the lower end of which works in a footstep bearing, whilst 
the upper epd jiasses through the tank cover and revolves in a cast iron 
•baring attacliei to*the cast iron ])late closing the central aperture of 
the lank'Cover. 'Hie we'ight of the shaft, hv., is carried by a ball 
thrunt washer placetl uRincdiafely above the lop bearing, a split grip 
collar being placed oP^the shaft immediately above lliis washer. 
setting the shah ill position, care must be taken that the shaft is 
supported on the thrust, washer and not on the footstep bearing. The 
shaft is rotated by means of a keyecl-on pdlley,t27 inch diameter by 
inch face, this giving a speec^ of 150 r.p.in. to the shaft. An oil drip 
tr&y is clamped to the shaft immediately below the lop bearing, and in 
»,this tray is caught any oil which leaks from the bearing. Jn order tc 
prevent moist air fnjm entering the tank the opening Through which 
fjie shaft p£\sses tljrfiugh the lank cover is provided wit,h* an acid seal 
consi^itiog of a ca.st iron bell attached to the shaft, which rotates in 
sulphuric aci^ contained in, a rei'cptacle formed in the covdr. The 
mixing prqpeller U 214 inches diameter by 30 inches pitch, and the 
chamfesr in whicli* it works is 2 feet 2 im'h^ inside diametar by^ feet 
















taalAb^ttoifi bj^^eans pf .three ^gUs 
8i0hl|tog»-^tmt the lower ad^ ofAhe chaipl^er is. 12 inches above ttM 
Just ihbove the top of th# chaintfer ts f^ted a disrupter^ 
p^tspng'j^v tvuist^d 3’inch»^3v f-inch* flah bdrs nipjwd ,to the shafS 
^is dishipttt. serves to* braak up tMIs co^e of.J^uid lifted by the 
pr<jpelfer,jtniufi.causlhg a^b^ter rfuxing effect. • * 

DetMs of *i^l^{k)-cask fo% mix^ ^acid.-^M'h blow-cask (Fig.'ax) 
is 4 1*61 6 ,iriche^ dfanmter.by 19 feet .long, gintl is byilt ug of' f-inch 
mild steR pl«tes as tti the and’ | J-incn plate! jis to tho,en&, tl» 
latter*bfiiigpj’esssd out spherical to ^radius of»4 feet 6 inchesJt* Qreitm- 
f^entiaj joints»are single-riveted, and lodgitu*dinal joints *are double- 
riveted, %llrii*ets being finch cij^mctcr and 2j inches’fiitcli.* kach 
blow-cask is* fitted witli a cast steel manhole f|itnie anu covert Vwo 
4rtnch diameter inlet stools, two*4f «ltoh diametgr*outlet stools, and 
one i-inch diameter air inl^t sto 5 l, ajl stooffe being of cast s^jcel with 
machingd faces. • * 

Prooenes oceorring in the Blending Tanks. — T^^'se are four in 
numil>er :*— 

(1) ^^ixing a bdlk of from 120 to i50|tons of acid, most of 

wljich hitk previously passed through the preliminary 
mixers, in order 'to obtain a'. inixed acid of uniform 
composition. 

(2) Doping this mixture to secure a Irieno me analyses 01 wnich 

falls within the given specification. 

(3) I^evelopment of a certain ahd stometimes cbnsidc/able amount 

of heat. 

(4) Loss of hetit by ftidiation, supplementary t(^ that lost in thte 

preliminary mixers. 

Mixing. —Two methods of mixing are available :— 

*{a) By means of a larger propeller and impeller of tb^ sdme 
type as those employed in the prelisiiin^ry ntixers. THia 
toj) of the mixing cylinder is 6 feet from tlie bottom df 
the blender, so that it i§ not ]iogsii)le to Inix, by^ this 
method, a blend of less than 6. feet in'deplh. 

(b) By means of compressed air issuipg 4 ron) a weries of holes in 
a circular coil resting on the bottom of the blender. 

Experieneg has s^iowntthat the former method is quite adequate in 
itself; supplementary mixing by means of compressed air, although 
resorted to regularly at one time, has prdved to be wliolly unm 5 cessafy. 
This does not mean, however, that tlie <ompresed-air installaMon i^ 
altqgether Superfluous, for upon occasion, althougli.rarely, the ordinary 
mixing gear has been out of aidion, and compresseck air alone has lhei| 
been employed as a flieans of mixing, proving quite Idtisfactory. 
Compressed air is also useful in mixinc when the deoth of the aoia in a 
blender is below b feet. 

IJb® needed to niiJi satisfactorily ^ blend ftf xAo’tn zko tnns 

using air agitation is about 41^ minutes. 
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Time requirec^ ffiir thoroughmixing. *’» 

Experinftnt aiyi v^pe^ed ,trial Jiave s^own half-au-hour to be the 
Riiniitium safe tftne for the attajnment of/i^piformity of composition by 
of mechanical >agitaiiun^as indic^t^d by rCpeat*ed airalys^s af1|ii‘ 
L’ontinuous mixing and periodical ^ «ampling. As former .prac^e* 


iiuuin jii iiiucjc:^cie iqr a tompieie Dieno, or tni 
fciie time Tor mixitlg<aftel doping is takep into* account. '.The time 
req^irM te’ obtain a uniform mi:jture is obviously «. fuijctioti of ^he 
Lime taken to secure a complete circulation of the acid«in the blender, *• 
is if‘was *ili the, case ol the pCelimmarv m'l.xers. • Theit: is the 
hfKrencc, however, that in the blenders there 'is no throttling of the 
■irculation due to the presence 6fccoils. • 

Tnm required for complete rircuUilion of acid in the blender. . 

:ohsidering the ciise of a blend of 9 Icet of TNT mixed acid ; 


Volume of acid^ina blender 20 feet in diameter 

= approximately 2,830 cubic feet. ‘ 
Diameter of propeller - . • •. 

PiflTi f)f ])rope^lcr. 

Speed of stirrer * «- - . 

Volume of 


7 


X 9 


- * • - - - 18 incliRs. 

• ■ ' * 24 ,> 

.145 r p.m. 

acid rai,>^ed .pgr minute - x (9)' x 24 x 145 

1 •* - I 7 » , ' 

cuhic inches -- ap])roximately 886,000 cubic inches. 

Allowing.io per cent, for slip, viz. = 88,600‘cubic inches. 

Actual wlume lifted pcrfninuti' — 797,400 cubic inches. 

. Time for complete circulation is ^ 1,728 

• 1 • . , c •* 797,4w 

• • se<|onds, or approximately 6 minutes. ’ 

poping. 1 he method of calculating dopes was dealt 'with at. 
considerableklength in Section 2, and tlie present treatment of,the 
subject is only concerned with the actual process involved. Successful 
doping obviously- defienjis upon ; - 

(1) Reliable sampling. 

■ (2) Reliable analysis. 

(3) Careful measurement of the di|is ol" the hriginfll blend and of 
, the dojie. , 

^(4) Correct estimation of the strengths of the acids used. 

1 licre is one finther source of error. Dopes are usually meas,pred 
111 a preliminary mixer, and, even assuming that the d«[)e itself has 
:)ecn prrtfierly made, it is not a h^regone conclusion that* the dope will 
ihva^i^ reach (Im blender in the same form or amount as madg in the 
mixer. In tlx* first pl^ce, th^re is alw*<iys a chance of»the outlet valves 
of other mi.terS allowing acid to pjiss from them into the (’onpnon main 
to blenflers duvng Ae time in which the* dope is being pump«d to a 



BLENDING. 


83 

blender fiscftn the mixer in'which it ifrifade.* Td guard against Ais, it 
is*necessary to test these •^f^flves regul£^l}b an^ .systematically. The 
practice is to test Uiem evei^^time a mi^ is made by noting any vari^j 
^on in thn level* of tiie acid«njsdc-li miller durmg^every period wlign the 
» l^lk of. acid remains staticmajy. Ttiis oarurs ■•shen the* sulphuric 
charge cif 34! inches is awaiting the addjtjpn qf ’nitric acid; 
•again, wheilelpr the lylditjon of nitrk' cy othe» *acid is stqpped to 
allow the^nix td’caol d«wii. 'I'lll' name observation of level sew'es to 
• test the*^iyidn%ss (|f coils* a^nd inlet Valves.ofSulUi ifl either of whi^ 
would sause a rise in levels ’'Fhe other error ilue to the rgjidiad jiria 
, ,in*lhe^pipd-}^e^jctwcen mixer aiftl bUnden whicli is seldom of the 
same ccjmposition a* the dope. 'J"he maxhnum error du^to thiex ause 
is here calcvyilted for the case of^he mixer situated fartliest friyii^the 
blending tanks. , 0 * 

Bet\i'ecn this mixer and the WlenSers there* is a length jaf j 8 feet ol 
3-inch pipe, and i54rfeet of 4-incli pipe. Reckoning acid *4 gravit) 
i*830,^hese pipes cont.'ijn o’73 ton of acid. Tlie usual dofe being oni 
of sulphuric acid, the jirincipal resultant error when the piiie Ts full o, 
mixed acid will he in the HNO3 content of the blend. 

* ^'Fhe maximum HNO, content of mixed aci|l in the line is abou 
3^per cent., and tla* UNO, contained in o’73 ton *»f mixed acic 
^containing 32 per cent, of 11^'Q, vvill be o’2.4 ton. • 

Tyking the average linal tonn.age of ;i blemlrfis 160 tonspthe HN £1 

of this blend, instead of being correct, wouldbe too high by . - 

, i.f.. O’ 15 per cent. • • « • 

'Fhis is w('ll within the spei ilication limits allowed Tor tlu' inixe* 
acid. • • • 

Develoftmenl of bent. - Heat will 1 » develojied in lUe blending tan 
whenev(!r doping is <'arri('d out. It is well {<> jie <juite clear as to th 
extent of this healing, ami it can be realised inost cleail\ by Hxpivssin 
it asTi resultant rise in temperature. 

'Fl«! following Figures w'ere obtained cxfierianeytally by misfin 
750 c.<-. of'FN'F mixed acid with (piantities of oleum, oN‘(i jier cen 
sulphuric acid, and yo per c('nt. suliiljuric a^ii^, equivalent to lo-to 
dopes to a blend of 150 tons 

r)()|)e. . • , Ri'.je in lemperatur 

'■ C. 

10 tons of oleum ^ - 5’7 

10 tons of Qf^O per cent sulphuric acid - - - I’o 

10 tons of yo per cent, suliihuricla id - - - O’l 

Since a sulphuric dojre is usually measured in a mixer apd the 
adjjed to'the.blend, the rises of temperature indicated actually tal 
place in the*niixed aedd in the blender. Tlie unde^jirability of treatin 
oleum dopes ih this wdy is clear, and, as a general rule, tli<^«ai:^avoid* 
by aiming at an initial dilution sligTitly on the low side. It.dn at 
account a large* oleum dope of 20 toils or sp is* rer^usred, the kej 
developed nfust lie removed. This jan be effected by pumping^pprtioi 
of the*blend back to the preliminary mixers and adding the dope ther 
the mixture being cooled aown before* being pumped back wlo* tl 



84 THEORY km PRACTICE OF A<Jft) MIXUlG. 

blender. It is a safe policy nevar "fc pumg or run direct to lA bIifta<|(Mr 
any acid contfjning irge SO’y, * ‘ 

A similar experifneni^was conducted iiy the case o/ MNT mixed-^icid, 
but in this case the anjount# we/e calculated for a blenQ of ifto tdns, ^ 
4 ^ope. *’ Rise in temperature. * 

ip tons of olenra - , ^ 'lo,'* 

f lo tons of 98’6 per cent, sulphftric acid ‘ o - yy*- 
10 tons of 90 yei:cent, sulphuric acicj " - • c 

i K <s Still more necessary, therefore, in flie case qf this vanriety^of 
mixed acid, to add an oleum dope (0 portions of the blen^’^retufnhd to , 
the mixers 

t 

* - ^ I,OSS of heat through radiatibn. 

, "Up to w.v. preiie^it, .it has !ft*t been possible tu ac^usiacrory 
determinations of this quantity .by direct measurement, pWly on 
account of tJie cliiliculty of measuring the temperature of the acid in the . 
•blenders tvith sufficient accuracy. A rough measure of this loss may be 
obtained, however), by assuming the radiation loss per square, £00} of 
blender surface to be of the same order as that obtaining roi a mixer.- 
For mixed acid dl a temperature of 42? C., the atmospnehc 
temperature being 2° C.:— , , ‘ « 


. .Loss »f heat per aquare foot of surface per hour = 68'9 C.H«U. 

. Fbr mixed acid at* a^ temperature dt 30° C., the atmospheric 
temperature being 12° C.:— 

•^Loss of heat pe# hour per squavefoot will be approximately— 

68 9 X (30 - 12) ., ..w-hTI 
(42-2) • • 

Assuming that the radiating'surface of the blender is 1,350 square 
feet, the loss of heat by radiation per hour will be approximately 
42,000 C.H.U. . . 

^ Taking the weight of a blend of 'I'NT mixed acid as 150 tons, and 
its Specific heat as,o'56, then— 


Heat lost.by this acid falling 1° C. 

. ~ 130 vX‘ 2,240 X 0-36 = 120,960 C.H.U. 

.•. Fall in temperature per hour due to this radiation loss 

* ' * 42,000 ^ 0 n 

^ - 0 35° C. 

" 120,960 

This is under average conditions and gives*’ some* idea of the 
BRffiible cooling which the mixed acid may undergo during its transit 
from the blending tanks to the nitrating houses, a period of about 
t'liree days. . • . • ^ 


■ Physical behaviona of mixed Acids at low temperatures. —Sotne^experiments 
Vcrc carfled "'out af H.M. Factory* Oldbury, in order to determine the 
physicfil, behaviour of various mixed acids when the temperature is 
lowered to abflTut —•30'iC. I'lie resulfs showed that •acids containing. 
*less th^n^yo per'ceitt. of H2SO4 and ,io per; bent, of HNO, can^e c^ioled 
down to - 30° C. w'tthout solidification «taking place, whereas^* acids 
... ‘ .. ‘ 





BTdfeAGE FOR MIXED %C1DS. $5 

• ' * * 

CQptainJilfe 75 per cent, of Hm .'111#* ftfom *i to lo p<!rx:ent. of HNO, 
gradufilly tlricken and becc^np solid as tli« (soncwtrationp.of the HNO, 
IS 'increased -or thft-iptnnpr.nfiD-ff lnwr*»rA/1 ® 


SToR.4{:^KdR«f'KEsu MixED Aci6s<» 

totoig«5[»ait Storage faakBi’&c^ Fig. -ji show« the general 
\ari:an^ment orni'i|stoi;»gp * auk# ft?r TNT and MN’l’ mixed ar,idstit* 

f M.eiEn’sPi*eg‘y. "Tlit tank* ^re erp<'t('(I on bFi(*li>v9rk’supports, with a 
11: of .2 in’diPs^aVay fr^in the discharge ^nd of the tan’-ts so Jhat 
sliJdge,may*hf drg|,j\'n off when necejsarv.> The lirirkwork supports are 
construtted_of good hard •burned brick?? laid in cemer^l, tho,jUpper 
courses in cfutact with the tanks'being acid-probf. FnAiu tlie Ir^ick* 
djiork forming-the supports of onctof the biyiks nt''’tanks wing w’-alls are 
built ou^to support theflocx- carr^ing'the pujups. >'fhe gropod Ijetweeif 
dheljrickwork mid foiiw distance of ifbout lO feet all round it, is covered 
with a?;id-prooi bricks laid in tar and fireclay, the surface iiei,pg sloped 
to permit of drainage. The level of this floor is made to be'at leasf 
9 iachei^above the. surrounding ground level. ’ • . 

j ^The tanks are erected in two banks of six tanks, each with a spae'e 
^etween the ends of tlic tanks of about o foot, fhe low or Kludge outlet, 
^^nds being brought togetluir,•thus permitting all sludge to betaken, 
away .*'rom a single alley-way. A platform 'is ci;ected upoiiithe jvajls 
afcbve this alley-way givinj^ acces# to the ^i^erflow pijies and Slut^e 
plug-valve gear, acce.ss to this jilatfo'ni being gained by ?i gangway 
l^er two of the tanks. At the discharge end ob the bank of tanlfe 
reiftote from'the jnnnpiug plant aplatforVi is erected whiMi gives access 
to the dischaigc va 4 ves, and this pl.'itforin is reached by nieajis of'a 
steel ladder from the ground level. Above this is ^r^icted a pUitform 
giving access to the inlet piping to fliis bank of tanks. The latter 
platform is lead-covered so as to form a tray tV> collect any djips which 
.may^11 from the feed v.'ilvcij^and joints. .\t the pumping plant eud a 
gangv^y is erected over the tanks which gives ac( css to the feted 
as shown. • ‘ ’ 

The pumping plant, which is housed in completely Iry a wooden- 
ffiamed building, consists of a set of Douglas puAiJs, each direct coupled 
,tb an electric motor. Three 4 ft. b in. diameter by rq ft. long blow^ 
casks'are installed in c.'iso of failure ofttlie jTumps.* 

; The fresh TNT mixed acid is pumped from the 20 feet by 12 feet 
blending-tanWs inttei* a 4*inch mild steel main whi<'h passes over the 
^rige tanks holding TNT acid, and js discharged into eirtier of^thd 
•taliks as required, a cast iron gland cock controlling the supj)ly to each. 
The dischatfg9 from each of the tanks is led into a common 3-inMi stafl 
mkin, each discharge being controlled b^ a pfu^ valve in the tank 
itself and a 3»inch < asjt steel valve odtside the tarik. Frppi ^his main 
3-inch jrranches are taken to two 3-inWi Douglas pumps., the discharges 
of which are coupled togcthei^and connected to j:he main pipe line 
to nitration* houses; valves ary provide^ ^on >both ’suction,and 
delii%ie^so that one pump ftiay be operative an^ the other a Kserve. 
A connection fwm the brantih supplying one of the.pumps is take^ 
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' f *■ « ^ i 

down to one of the blo,w casks sihlLted bejiow the pump platform, ^jid 
the blow-cask dischasge is ‘ connected t6 l 5 ie common discharge from 
^.9 pumps. Tlius, for sfaj)plyii/g TNT inlj^d acid to^the nitratdrs'there 
is one pump working, ond pi^np in' ijescr-ve, and «.ofie bbw-cksk ion 
reserve. Tlie arrangement of piping.^ piSmps, and blow-casks for UTO" 
fresh MNT mixed iy'id ki /exactly similar to that described <above for 
.TNTacM. ' . , • ^ V" ^ 

Detailiet Stor/>«e^Tai^ for mkedAcid. Fiy. 23,;gi\7is ther 4 <?taUs of 
tfie'cyl.iiujriral steel ta'nks 'used for storiilg. the fr(?sli inixS*d nitrating 
acids. Each tank consist ufii stee,l lioiler shell lank, ^ fee^rtliamefeniby 
30 feet long, built up of g-inch plates with.single riyeted joints through¬ 
out., One ei?d'plale'is llauged and n’veted to the sliell plate, whilst the 
other end plate is attached to a 3.l;inch by 3Viuch by angle 

‘Which is riveted to'the qutside ot'dlic’shell. Itach tank it fitted with'k 
J-inch g^ 1,1 ge-glass, air veiit pipe, <%c.' ^ . 

Distribction ok Acids. 

% 

' < Atnmgemeat 0! Acid Pipe-lines. Six mild steel jiipes are hjd from^tl^e 
mixing plant, four 2-iiv h and one 3-inch ])if)e to th^ MNT section, and 
'one 4-inch P‘l )e to the TNT section. These pipes are supported on 
wooden trestles graded in height so thdt they have a iinifonn'fall TO 
approxinfdtely i in 550 Ironi the steel mixers. These pi])e-liiies are 
provided with flanged j'oh.ts spared about 300 feet apart, tlie inter- 
\ncdCate joints being made with ordinary screwed sockets; cxpansioiij 
bends are introduced at distan' es (tf approximately 600 feel. 

The 2-inch lead spent acid jiipes from the KlNT ana TNT jdants 
are carried on the same trestles which carry the iresh acid pipes, and 
are lard so that tliev have a ueiform fall of i in 750 to the spent acid 
tanks adjacent to the denitration jdant. 

< Details of Trestles lor Acid Pipe-lines. -Ijhe trestles are of timbe-, and 

• eoifsist of 4-,inch by 4-inch posts toe-nailed to a b-ineh by 4-inch sill 
•resting on a dry brit'K foundation as shown in ]''ig. 24. The caps are 
6 inches by 4 inches, and the hraeings to the main posts arc 4 inches by 
2 inches, and are spiia J'on. The trestles are spaced 15 feet centre to 

'^centre, and 0 -inch by 3,-inch joists arc laid longiUidinallv across the 
caps, to which is naiied 2-iiich open hoarding upon which tiie pipe-lines* 
are iJiid. Immediately below the cap of each trestle two G-inch by 
3-inch timbers are nailed to the posts. These projgi’t on* one side 2 feel 
•4 inches beyond the cap, and have a 4-inch by 4-inch strut toed into 
The post to stiffen the outer end of the 6-inch bj 3-inch timbers. On 
'this cantilever projection a 2-inch decking is carried op 6-inch by 
3-inch longitudinal'joists, formin ' a walking platform for 3 he examina- 

• tion of ,thq. pipes,'the outer side of which is fitted with a wooden 
handrail. When the trestles haf/e to carry in addition the spent acid, 
MNT, a*id, toluene pipes, extensions to tlie trestles are made as s'nown in 

, Fi'g.'24- \ 

The trestles ar^ graded from one end of the site to thfe other, in 
,accordance witi^ the jjarticukirs contained' in the precefling paragraph. 
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• Add ?aini».—The ty|>e oj puniff yrigiftally installed at tlie ftiixing 
pOtnt was the Douglas, atn<i ttie.se puinp% have Ijpen alm'Snst universally 
used»tot* Queen’s ferry vvlfPte the pumping fi stloiig nfixecl acid«,js 
^conoCTnetl^ 

The' working of the pump is maift ^uite clear by Hie 

' ,adco*jpanyyig. dia^jaifl. fig. ‘25. Tliis skoAvs -tSiat t^ere ,are t^to 
circu4£y.il)*isjoli^i^in flje p^unp U'. , • ! ' t ' * ' 

(rt) JRlic nufiit^rculatidn Ihroifglt the df nl.ar i'lw^el'between the 
?ajlcr xim pf tht-'puigp body aha'the senu-(arcuJaftsi*rf^alfcf 
“■le-cTCSceht-sliaped ;'bro4:k J^ta<^d to the*-piniip i;,&ver. 
lapitel is rectiipguTar in Se^-tipp anfl tjie Jiassing 
’l it is'impelled|y tliebl9^satte.c*ied (&the iAp^ller, 
sxartlv lit' the car/ss-sectioh’' pf^e channel. 

(b) The 

’ This, pets I, . ^ ^ 

outlet of the pump from each other; “Stld at the same'rapm 
it provides a means of securing the return of the impell^ 
blocks from the outlet to the suction sine of the pump^ ' ^ 



- • For eacl 
pj^d a^half, 


rcvuAition of the impeller'llic (hum makes a rfcyb'lution 

■ ■■ . During each seyii-rotation of the drum the slot in the' 

upperliosition carries acid Across from the spctioji to outlet side, where 
one of the impeller blocks erte.rs tljf slot an4e'’^><'ls its own volaftie'of 
acid therefrom. 

The acid is oxpidlfH from the slot of the drum* just at tin* moment 
wlTcn llie liTtw of acifl through the pump outlet would otherwise be 
broken. Tlie resull^s=«hat the Douglas inini]) gives a continuous flow 
of acid, and, although the stream is q.ol <iuite steaCy, it never stops 
altogetlier. , ^ 

Jifficiciicy of K'oykiuf^.- —I he circulation chaiiiK'l onH extend^ for 
two-thirds of the total cirAimfercnce of the punip. Assunpi^iJ to 
be cx^uded througliout the w'liole circumference,is evident that tlH 
total amount of acid pumpe;d during eacii revolution the iiupelha 
(provided that no leakage back occurs) is ,^cq«a,i*to tin' volunje qf this 
complete circulation cliannel. 

The acid carried round by the 
sates for the space ^aken up in lln^ circulanon channel bv 

impeller blo< l^. * ^ ‘ 

'^^■inch Pump. 

Assuniiiig a perfect fit in all pa\s, tilt aniotiiW (jf a<’id shifted by » 
3-inch Douglas pumi) jan be arrived i*l as follows ^ 

ftuter diaimetcr of ('irculation channel - - i4|*'iBclies. 

Inner diameter of circulaiion chanricl - *94 

** * '--cijationithannel^ -« -• Vi^ 


left slots in tfie drum just ccynpen- 
ne ( irculation channel bv the thA't 

9 


Mean diameter of circi 


I 

•.f 
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V Width circulation chawR - - 9\ inches. 

DepthjDi purtipfc(froitt to back) = * 4! „ 

Speecf of knj^lleK *■- - = ^ , 

• VoJuiTKi of circjilatio/i clfennel x ej»| x 4'>r 2f cf*"" 

, ^ inches. 

^ *=* 384-8 cubic inches. 

Tbtal volume'pumpeil pe'r hou( = 3§4'8 cuijic iiyhes 

• , t V . -V = 1,^31,600 crabip inches. ”, 

” t < '» = ipp)2 rubif; feet. « ■** 

f' Corresponding ys^ej(jht of water = 27*9 tons p^Ahour^ 

Actual measurements have sfiown tfmt the^maxiriluriv i«ui«tgc 
whirhf-a 3-inAh Douglas pump shifty fe 47 tons of mixed add brspecific 
gravity'i-835. This Quantity corresponds to 25-6 tons of water, so 
that the initial efficyen^-y of tl*r pump is about Qi per cent, of its 
calculat^F^ value. ' , ' 


2-inch Pump. 


Outer diameter of circulation channel - 9|,inr.hes.* .. 
Inner „ t ,, „ h - 5^' „ . 

Mean*” „ „ „ - yf 

Width , „ - 2 ,f 

pSpthofpump . - - - - 3 

Spged of impeller • - - - - 100 r.p.m. 

Volume of _ circulation channel = 3 *1116 x 7f x 3 x 2 cubic 
. ■ , ' inches ^ 

= 140"0 pubic inch. 

Total volyme pumped per hour = f46'o x 100 x 60 cubic in. 

* ‘ , = 876,000 cubic inches. 

507 cubic feet. 

^ C6rrespon(ling weight of water = I4‘2 tons. 

, . 'A'v-taalt measurements liavc shown t 1 ;iat the maximum amount of 
acid shifted by ft ir^w 2-irKih Douglas pump is about 21 tons of acid of 
specific gravity i'8;j5, which corresponds to ii'4 tons of water. A 
new 2-inch jiump has, therefore, an efficiency of slightly more than 
‘80 per cent. , 

i . . 

'he makers' specifipations fl>r these pumps are :— 


(a)i^or the 3-inch ])ump 5,000 gallons' fier hour, which is 
* . equivalent to 22*3 tons of waiter per hour. 

For the 2 inch pump 2,100 gallons per hour, which is 
equivalent to 9'4 tons of water per hour. , « 

, Doth typespump, therefqre, when new, considerably exceed their* 
specified capacities. ' V 

y 'Diose raies ot pqmping"seem to«be fairly well maintained during 
the *^rst, :^omh lif continuous At orkilig. As the efficienqjes jetf the *’ 




DI|TRIBUTION OF ACIDS. 

^5 find 12 t^ons pef’lipur tesp'ei'tiveljf, |wp put^s are 
used together ; the delive^ Mnes are of, ample^size to*,flllow of this 
In the followme table arrfset oy# soine. interesting d«4a 
^in COTnecfip,n wi43i»the o|l^^i8n of J)o»glas pumps at the imxin*g 

?»pkmt :-r • * 


I^QM OjJERATipN OK DCU^LAS'f’UMPSt* 
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TftIT mixed acid frdm ; 
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1 
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4 
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11 
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17.500 

^ mixers to blenflers. i 
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MN'l mixed acid from | 

.5 
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15.809, 


mixers to blenders. 

TNT mixed acid from i 

3 

i 
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15.800 
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1 

blenders to storage. 



m 



^TNT nnxc<l acid front 

• .5 ^ 
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4 

3 
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1 storage to nitration 
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MN'F mixed .acid from | 
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storage to MNT .section. 
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qi per cent, sulphoncacid 

4* 

'',830. 

3 

II* 

12'^) 

3 

12,000 

for ^tort (era from 
mixer to storage. • 
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go per cent, sulplmricacid 

2| 


3 

ag 

•100 

5.50c 


from Gail lard concen¬ 
trators to,etorage. 
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90 percent.sulplmricacid 

A 

1,830 

3 

11 

i 4'5 

ao,ooc 
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from storage to Grille^ 
oleum plant. 
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i* 1 

1 

__ ' 


Tlie condilions which are essential for Vv'orking efficiencies 

appear to be as follows :— 

(o) Cool acid : 32° C. to be a maximum.teiiiperaHire. 

(b) Constant use : to prevent tendincy to seize. 

(c) The suii])ly affd delivery pip^ sliould be of suffu-iant size to 

reduce friction to a ininiminn and to avoid aay tTtrottlim 
effect; e.g., a 2-inch Douglas*pump having a 2j-inch outle 
should be fitted witli 3-in( h supidy and delivery pipes? • 

, friction^n the suction pipe cause\ a loss of and increase 

the tendemy for leakagt of air through^oints and glands.*«'KrIhtion ii 
the delivery pipe is a w^asteof I'liergy, and a cause of leaking jointsTjotl 
io pipes and pump glands, /yn 3-ii>eh piimps? tlfrefoR-, aie ^tt» 
with^inrii deliveries and 2-i/ch philips wUh‘never le?s Uiaj^ 3,incl 
^eliv^es. The life of the cumps on the plaqt for ^mixing retor 
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sulphi hastoeen incneased at least 25 per cent, bjj 

a 2-iilch by &lj-inch delivery pijie. ' c* ^ 

'•* Effective life*of pttnl ^.—^Tliis is ju^gedM)y eillieii^(a) theFred^blion 
of till!;quantity pumped to a* ridfculouslyclo^ figure, ^\b) tlpe corrosion<». 
or cracking of some'^ital nart of the nuirfo. narlicnlarlv the imnelleM>r^* 
the case. 

. c 

t Much t 

the p&mp { ig ^ 

tm^i^ 4 J. that strcn^ilieiiinl^ would be ne't'v^ssary. “Since* fhe'acid has 
bech cooled down l«, Q, hqvvever, nc) instant ofytnracRiug ^las 
occurrfd; and^ furtlier, duriteg tjie month of December, tgiy, nO i)ump * 
rep^idi of an^ sort were necessary in^tiie mixing house. 

^ , There is a nicked difference, in the effective lives of similar pumps 

'dealing jvith diflerSfit'afjids, oz witli the same acids at, different 
temperzfiures. * - 


,(a) YNT mixed acid (79-5 H^SO^: 17-8 UNOj! 2-7 H^O), if 

t umped at a tempdralure zibove about 32° C., causes either the imjzeller 
r the shafting of the iivirap to seize very readily. • Ijhis usually^ puts Jhe 
pump out ptaction un'iil it has been overhauled and skimmed. 

Whilst a 3-inch Doyglas pump‘was in use at H.M. /’acttSiy, 
GldUury* it was noticed ,that the castings increased slightly in size, it 
bedng nec,essarv to case tii^; workirdg parts periodically. This cemtinued 
/or about 5 months, ;ind then in one week tl^e castings decreased so 
much that itiwas necessary tej instal a new pump. 'I'he jjractice a,fter» 
waids adojited was to machine off inch froiq the working parts of 
the pump as delivered by the maker. It w'as found that the working 
|zarts then incr(?,as<'d in size sufficiently for satisfzictorv working. The 
pumps seize very soon. if this is not done. This precaution is only 
necessary-in the case of pumps used in connec tion with TNT mixed 
acT'd^, V 

' (6) MI<iTmiye/i acid (f>2 H,SO,; 21 HNOj: 17//^O) has gfven no 

trouble. Tlw 2-inch ])umps used for delivering acid from the mixing 
playt to the MNT <5,eci.ion have needed jiractically no overhauling 
^whatever. 

* 

(c) 90 per cd,il. nidpltimc acid. —Oueen's Ferry exped ience indicated ! 
that the J)ouglas pumps in useiwere attacked most by this variety of 
acid. Thitc again ajipears to be;'largely j cjriesti'oft of itemperature, as 
the life fif tiu? 2-inch ])umps uspd to deliver 90 ])c;r cent, sulphuric acid 
45“ C. from the concentration plant to storzige js less than half that 
rtf th6se delivering the same .icid at 29° C. from storage to the oleum 
plant. - r - 


Ce<ii of - 

some (j^tails* regarding the 
ecclusive' ‘ pfc the# nwiintemfince' 
labour gh^gei involved therein. 




exist 


■ .ftiAA V <■ 11 


_ WllA IVlUiEU 

of pumping. The costs. gf.ven are 
of i4’e elce'tric motors ,anej nrocess 
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C 0 |f t)K PUMPINC^ AiCID. »• 

- mM - 


—r~r 


*Dutjj of pump. 




* o-d . a. • 
A . 2 ^ ' as 

ttv -si 

l-O*'' ¥^-S 

i! « 


TNT mixed acifl from mixers to* 
blen<? 8 's.' - * 

TNT mixed »id from blenders 
j. to storage tanks. 

TN'r mixed acid from stora^* 
tdiHts to Nitration houses. 

90 per Sent, sulphuric acid from 
concentration plant to mixers. 
93 per cent, sulphuric acid for 
^rAort ftt-d from mixer to storage. 

■ gtifcper cAt;*sulphurid^a(fid from 
storage to oleum plant. 


’C. 

2.S 

« ’ 
-.‘i*: 

^!S 

.P 

.10 ' 


Cost per toa of acid puwpcd. ^ 

. . • A__ 


£L -O j - —--- 

I - 5, ^*ow'S. I ^ Maintenance. 




i jMateri^. 


d. 

I 4. 


lailymr. 


d. * 


Total. 


d. 


(4 

3 

6 


« t 

,000, o'04 1 0 50 I 0 0;^ 

• ' ?• 1 * 

.’ofi o'43 o'*)7» 


iO.OU) 
eo,ooo» 0^4 
5,500 o' 13 


o’43. 0,07 

• • 

1 ' !()• O' 1(1 


12,000 o'i^»o '53 0 04 

■ 20 , OCX) ® '07 j o '32 o '04 


• * 

o' 6 i 

56 

• . ■ 

O 54 

» 

i’45 

o’4J 


, In the preceding t.'ilile imwcr^is rtteko^'cTTit id. jier dhit.**The 
inaintcnance costs, the material cdist for w^iu'h includes cq{d of^tfw 
pumps and parts, repj^sent fair ayeragts for thg year 1918. It ia 
fTsvfjJent froni^the ligt^es sliown that maintenance charges constitute 
tlie heaviest item the working costs, particularly the co^ of 
material. 


.'Vs the efficiency of a pump tlecreases with continutms working, it 
is customary, wlien tliis figure has declini'd to below 50 jier cifiit. of the 
maxirfiuni, to operate twopupps at the same time ratlicr than torepfece 
the piyinps immediately. This course is taken in view^of the low*|Jowei^ 
cost in relation to the cost of renewal of lh(‘«pump.^ , * 

The least satisfactoi v case is sliown In 1h* pftnips used to driver 
90 jier cent, sulpliuric acid from ihe concentration jilani to the storage 
•tanks at the. m^ers. As mentioned elsewhere, the post troublesome 
I’aclor undoubtedly is the high temperf ture of tjie acid, which is rftainl^ 
rc.spousible fur^he <^*essi^e wear anebtear. Ihis is seen frtnn the tact 
that when the temjieraturc is reduced to about 20° C.^ tTii^ cos^ of 
pumping the same vinriety of acid is reduced approximately 70 per ceftt.< 
Centrifugal pumiis have sinc;e been substituted to some extaiit £0! 
Douglas puqjps for use with this variity of acid.'* 

* In conclusion, it m«y be slated thst the duty foAvhicWhe^ouglaS 
pum[) c|fn be said undoulitedly to have'justified its selection is that of 
pumpiitg mixtures of nitric ai^ sulpllur^’ acicj^. J'rovuled.that the 
acid ije kejpUcool, little troubljns exfieriencc^. • 
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SluDG^ I<RMAT^eN, 

i The subject of th§^)rmaf>(tn. and subscJiuent utilisation ^: 4 fad^ 
isi*one which deiifands cc^siflendjle atten/ric^i in fl|d^gies ^ng^ge ^ 
quantities'of acids, aid it is one whix!h*well repays tbe^tiine aM < 
tliought given itf owinfg to the vadoaole nature of the ipaterials 
involved^ Tlyi follofyin^'ii mari^s may fie of interest sus wnwna^isiug an «- 
a sliort account the haturdo? the pBO^-lcmsihs a.Svhc^e.*J'e r** 

Tyni o! SiRdjse ana Q»ii' oaatss. 

^i) Sfudgc furmsd^by.'^ln^jon iron in suipnunc actm^or tn wmit 
spent ^/d.—Tlj.is consists aKnost entirely'of ferrij.’ sulpliate .wjfich is 
precipitated 4n conc'entration of th(^,acid or on cooling, ^uch sludge 
often cbiftains some ofYiie ingredient^ (siicli as asbestos) of putties and 
cements which have kjieij in conttj t with thf acid or acid vapours. 

(fi) Slti 4 ge formed by solution of nitrocellulose fn a mixed ac«d.^-This 
ijiaterial Ijas been suggested as Ixdng possibly of value if rer'overed, but 
investigations do support this view. 

/ (3) Sludge formed 64’ solution of lead in acid. —J'imminatibnlof te§iil 
tanks used foj; storing weak suipliuric acid of 78-jq per cent, strerigth 
at temperafhres ranging from 6o°-100°, C revealed tlie fact tl^at tJ*c 
extent and character of the destructive action varied as follows t— 

(d) The whole surface pf the tapk cove red by acid had been equa'Ily 
(f ''affected, or 

(6) The action fcad been confined to local atbas, more or Jess in tj^ie, 
forfti of holes. Thbse holes ajipeareeV to be two kirids, 
viz.; - . ' 

, ‘tO A countersunk hole having irregular walls. 

(2) A hole (bt through as though picrt:ed with a 
sharp borer.* 

- 4 

DifficiiJties^ malting bom Sludge formation. ^ 

* (a) Blockage <of/pipes, y,alves, tower packing, ^c. 

(b) Bad conductivity, which affects the even heating of vessels 
containing mi.\'cd acick.. *■' 

tc) Fi.Kution of iron, lead, &c., by the acid with subsequent 
loss of— ( 

„ (i) Acid. . V 

^ (2I Vessels coutainiifj the acid. ^ ‘ 

^{d) fauss’jf acrid when vessels have to be sludged out, there being a 
Jfa)fer of acid in immediate contact wdth the sludger, 

*<•“(6)‘A so-called empty tank,sometime^ contains sji«lge at the 
bottom, and as tlrje JS acidic, coirosive action is alway§i proceeding, 
.thereby weakeni^fg**the tank, '’'his generally ^remains*undiscovered 
until thtl^taiik is put into commiAsion again. | 

C ^ 

jjtiliiaiibj? «of Sulphate Sli^.-^Tlie four aUernativc^ which 

‘present tjh«c]se.fves in cbnreection with Hhe utilisation 6f this |l^dge 
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filtration contSins^ibuu.t 40 per mit. of«free H^O.i are as 
ttlliws* • 

(ji Utilisatioi^in substi^u^on for equivitlent (fiii^titfel^f sulphuria 
*\acid in tb* maniinirtu(e of nrtric by tl»e retort proceSL 
^ifhistari be effectefffby puddlin^the slwdge and pmnpijrg it 
by means of a ceifk-ii^gal pump ii^ fteejl boxes sitru^i,ted 
above the retorft!. K so utili^gA^tr^ion of tliei sludgfe 

( 2 )*lJsing t^ anove m^lnbil onl|HJie fre62 ^ilpliuric content •f tl*e 
^ludge ^ titilised^he ferric sulpl^fe beiipg^lost in <lhe ni^ 
Cf^e. An alternative is to treat tdudge with #r 5 p %on 
in«rder to recover^the for A; sufj^ate and excess of sulnlniric 
add in tli% form of ferrous sulphate, ^t folFbij’s thifl this 
^eme is only practicable in ihuabsaace of nitric a<#ich And 
it is not therefore applioiblc. in the case oksludge produt^ed 
»by fresh or ^ent*mi.\ed*aidas. Ttis'mlthod of dtaiing with 
iron sulpham sludge is the general practice in «Tany^c:id 
works. 


(3) Filtration of the sludge in order to recover bulk of thefrej 
j %cid which it contains. 

f4f) DislinationloT the sludge and •introdictioa of the sulphur 
V trioxide so obtained at a convenient point in th^itgid cycle. 

FQtfttion of Sludge. —The third method igiv^i above was f(jr a 
variety of reasons the most suitable yie to ad#^t»at Queen’s Ferry^anji 
a brief description of the ])rocess may Lc of interest. In almftst edery 
case acid tanks are ])rovi(tled with qutlets or run-oH pipes to permit of* 
?be*easy remwal of t/e sludge therefrem. When it !?; considered 
desirable to sludge ou€ the Uxnks as much acid is run off as is possible, 
and the sludge is then stirred up and run on to the Wler. The .tank 
is then thoroughly cleaned witli the !>hiallest possible quantity of 
water, and the latter is also run to the filter* The acid is^ run ofl 
and removed by means of rui air lift or otlier suitable mechani«d 
means, ^and the cake of sludge is allowed to settle fur severe 1 »dtus, 
during *vhich period a further quantity of, ai id drains away. 1 tie 
product after treatment in this manner contains m)pro.\imateIy 18 per 
cent, of HjSO,, and one cubic foot of tlie wet*inOTerial weighs about 
It 2 lb. The filter used consisted of a rectangidar pottery receiver a^ 
filsed for weak nitric acid. This was packed* witli* ch 4 [uer brickwork, 
ring packing and graded quartz. filters‘have also been in*use? 

and were packed in » 9 imilipr manner t^ that described abovek 
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